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New species of Agaihidiini from Far East with taxonomic and distributional 
data about Leiodinae from Middle Asia (Coleoptera: Leiodidae) 
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Alisirucl Sterholiodts puetzi sp n. tnd Agathuhum {tfeoeeble) shannae sp n arc desenbed. Trtchohydr.obius 
Vogt. I96J is newly proposed for the subgenus of Sogda Lopann. 1961. Sogda pavlovskii Lopatin, 1961 
from Turkmenistan, Lei tides vubtihs Reuter. 1885 from Kazakhstan and Lwcyrtuta mmutu (Ahrens, 
IRI2) from Kyrgy/.sian arc iccorrtcd from these countries for the first time. 

Td ron a my, de'Cripfiiin*, distribution, Caleopter*, Le ivdidae, P*l*ratc(ic region 

INTRODUCTION 

Through the kindness of Andrews Ptil/, Frisenhiittcnstadt (Germany) andOttb Merkl.(HNIIM) wc 
could study small but interesting leiodid material from Middle Asia and Far East. Material consists 
of species of genera Lopatin, 1961, Leiodcs I.atreille, 1 %Q2,Lioeyrtiisa Dafrner, 1982.6'rc//io- 

livdvs Fall, 1910. and Agaihichum Pan/.er, 1797. Two of the species arc new for science and two 
species are new for Turkmenistan, Kyrgyzstan and Kazakhstan. Material is deposited in Svec's 
collection (SC), Angelina's coll. (AC). 1'iitz's coll. (PC) and in the coll, of Hungarian Natural History 
Museum Budapest (HNHM). Other abbreviations used in the work are as follows: ratio of width . 
length = W/L. ratio of width : height = W/l 1. 

The monograph of the paluoaiclic Agalhidium was given by Angelini (1995) and include also 
the spec res from far East. Other raxonerme or fa uni she studies concerning the species of the genus 
Sogda, I.Modes and Liacyrtusa were presented by Daffner (1983), Pcrkovsky (1988) and Svec 
(1996). Tlic papers about Steiholiodes were giver, by Angelini (1987) and Perkovsky (1990). 

RESULTS 

Sleihotiodes puetzi sp. n. 

(Ihgs 1-5) 

‘I rrf *cattpwi HoJotypc, male ’'Russia, Siberia. Pnmorsklj kraj, Partliansk. dmr. Alcxcycvsky Khrcb. 20 Km L of 
Sorgcycvka. bores I Andicycvka nvcr. 4011 m, 26-29 vii 3993. Putz &. Wrasc leg ”, deposited in PC, parafypes 3 
male* und 2 females, PC’, 2 males and I female. AC. the same locality and collectors 

Length of body 3.2 4.0 mm, in holotvpe4 0 mm, head 0.8 mm. pronotum 1.1 mm, elytra 2.1 mm, 
width ofbead 0.5 mm, pronotum 3.8 nun, elytra 1.8 mm, height of pronotum 1.1 nun, elytra 0.9 nun. 

Dorsum uniformly black; mesostemum reddish-brown, metastemum black: antennae testaceous 
with club mfuscatcd; legs red-brown Dorsal surface without microreticulation except of striate 
clypeus. Punctures clearly yisiblc on whole dorsum, double on head and pronotum. elytra with 
traces of seriate, punctures. Sutural striae well developed, reaching to the 2nd third of clytral length. 
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Head. Clypeus striate. Larger puncmres on head well impressed, spaced by 0.5- 1 times their own 
diameter, the smaller ones well impressed, spaced by 1-4 times their own diameter. Antero-lateral 
margins rounded, clypeus no: excavate, straight. Clypeal line superficial. Byes prominent laterally. 
Head widest just behind eyes, temples very short (Fig. 1). 3rd antennal segment 1.8 times as long as 
die 2nd one and shorter than 4lh+5lh together. 

Pronoti/m. Puncturafion equal to those on head. Pronotum 1.5 times as broad as head, broader than 
long (W/L) ~ 1.63 and moderately convex (W/H ~ 1.70). Anterior margin slightly emarginated, 
lateral outline broadly rounded. 



Figs I 5. SleOinhmlex pwtf -1 Sp n . I head, 2 male bind femora, 3, 4 aedeagus ir. Iclcral, dorsal hikJ venire! 
view, 5 spcrmnllicsa Scale bars - 0.1 nun. 
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Kr.YTRA. With trace*: of punctate rows consisting of punctures larger rhjntho.se in intervals. Inter¬ 
vals of badly traceable rows with irregularly distributed punctures little larger than those on head 
Interval punctures spaced by 0.5-1,0 times their own diameter. Elytra as wide as pronotum. longer 
than broad (W/L- 0.S5) and a little convex (W/H = 2.0). Lateral outlines with .slight humeral angle. 
Meso- and metasternum. Median canna sharp, lateral lines complete, femoral lines absent. Meta- 
thoracic wings fully developed. 

Legs. Male hind femora with edge at posterior margin (Fig. 2). Tarsal formula in male 5 5—4, m 
female 5-4-4. 

Afjjagus. As in Figs 3,4 
SrtRMATlIECA. As ill lug. 5. 

Derivatm) m muims. Dcnvatcd from rhe name of the collector. 

Differential di agnosis. Stttholiodespuetzi sp n. clearly differs from all other known species of the 
genus by lacking of distinctly visible punctured elytral rows 

Agethidium (Neoceble) shannae sp. n. 

(Figs 6—R> 

Ty>H matwial Jlolotypc, male: "Russia, Siberia, Far ESN, PnmoraJoj fcraj, Lasovskjj Cnir., Ml. Scsin. 1500- 
1600 m. 20 Km NO of Lato. 7.-11 ix 1994, Suiidukov lcg.*“. AC. 




Tigs 6-8 Asathuham (Neacehle) \haiuiae sj> n.» 6 - head, 7, g - acdcapis m la tend, dorsal and ventral view. Stale 
bars 0 I mm 
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Length of body 3. I mm, head 0.7 mm, pronotum 0.8 mm, elytra 1.6 mm. width of head 1.0 mm. 
pronotum l .4 nun. elytra 1.6 uun, height of pronotum 0.7 nun. elytra 1.0 nun. 

Dorsum of head black, prononim black with red-brown margins, elytra yellow-red with black 
triangular basal spot, antennae testaceous with antennal club black, legs red-brown. Meso sternum 
red brown, metastemum black. 

Dorsum without microsculpturc. Puncturation slightly developed hut clearly visible on the whole 
dorsum. Sutural striae distinctly developed, reaching to midlength of elytra. 

Head. Punctures large and well impressed, spaced by 0,25 limes theirown diameter. Head widest 
just behind eyes, temples as long as the fifth of eyes length (Fig ft). Antero-latcr.il margins simply 
rounded, clypeus slightly emarginated. Clypeal line very superficial, eyes prominent laterally. 3rd 
antennal segment 1.5 times as long as the 2nd one and shorter than 4th 15th together 
Pronotum. Puncturation similar to those on head, punctures spaced by 0.25-1 times* their own 
diameter. 1.47 times as broad as head, moderately broader than long (W/L■ 1.8i)atid a littleconvex 
(W/H 1.89). Anterior margin deeply emarginated, lateral outlines broadly, distinctly rounded at 
basal halfof length, slightly rounded in cranial halfof pronoral length. 

Elyi ra. Punctures larger than those on pronotum, spaced by 0.5-1 times their own diameter, rarely 
some smaller punctures interposed. Just a little broader than pronotum. a little longer than broad 
(W/L = 0.9fi) and moderately convex (W/II = 1.53). Lateral outlines with sharp humeral angle. 
Meso- and metasternum. Median carina weak, lateral lines complete, femoral lines absent. Mela- 
thoracic w ings fully developed. 




Pigs 9-13. Sogdapaviavskii Lopaun, 9 - shape of body. 10 - anicnoT ubio, 1} - posterior tibia, 12 - labium. 13 
- maxilla Scale bars = 0.1 nw. 





Lccs. Tarsal formula :n male 5 5 4, female unknown. 

Akdmcius. As in Figs 10,11. 

Derivatio nominis. Following to the wishes of the collector, the new species is dedicated to his wife 
Shanna. 

Differential diagnosis. Aguthidium (Neoceble) shannae sp. n. belongs to A. nigrtpenne group 
and it is very similar to/l (N.) gurjevae I'erkovsky (1091) by shape of head and by clearly develo¬ 
ped puncturation of whole dorsum. The new species differs from the compared species by more 
superficial clypeal line, colour of dorsum, and mainly by the shape of aedeagus. 

Sogda puvlovskii Lopatin, 1961 

(Figs 9-13,14.17) 

MailriaL cxamjneo. I male: 'Turkmenia, 50 km N of Aschkabad, 100 m, I7.iv.l993 No I. Sft, 5S"33T, 38°22'N, 
M Herb lay, Gy Lisrio, A. Podlusziny Igr.", IINIIM; 3 females. No L 84, HNHVf; 1 female, Nc L 34, ilic same 
Iota lily am] collector*. SC 

l*xamined specimens agree well to ihe original description (Lopatin 1961) as well as to the redescrip- 
lion given by Perkovsky (1988). Original description was based on single female. The description of 
the male was nor publish nil now. That is why we add the drawing of aedeagus as well as the shape 
of the body and legs (Figs 9-11.17). Beside it there are for the first time figured mouth parts of the 
species (Figs 12 14). 



Fias 15 19 Figs 15 18. 19 - Tricftohydnobius suluraUi Zcttcrstcd, 15 - labium, 16 - maxilla, 18 - anterior tibia. 
19 posterior libia. Figs 14, I? Sogda puvlovskii Lopnlin, 14 left mandible, 17 ;»cdca£US. Scale bars - 0 1 
mm. 
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Distribution Tadzhikistan (Lopatin 1961), new record for Turkmenistan 

Discussion The examirjiUuu of the specimens from Turkmenistan enable us to discover some 
characters which indicate remarkable difference between the genus Sogda and the taxon which 
was erected by Vogt (1961) under the name Trichohydnohius, which was later synonymi/ed with 
Sogda (Perkovsky 1988) Tnchohydnobius was originally described as the subgenus of the genus 
Hydnohius Schmidt, 1841 I.atcr Daffncr (1983) changed the status of the raxon and proposed the 
name Tnchohydnabtus for the genus. Subsequently Perkovsky (1988) synonymized Tnchohydno- 
bins with Sogda In the view the fact that there arc significant characters differ Sogda from Tncho- 
hydrtohius, we remove the taxon Tnchohydmbius from the synonymy here The name Ifrchohyd- 
nubius is proposed as die name of subgenus ol'the genus Sogda 


Trichvhyilnvbius 'ug(. 1961 (subg. of Sogda) slat. n. 

Trifhohydnobius Vogt, 1961 142 (subs of Hydnobnts, type species Antsoioma suiurahs Zcttcrsicd, 1828) 
Truhohydnobius, Daffncr, 1983 23 (slated as the genus) 

Trichohytlnabtui, Perkovsky, 1988 |synonym!zed with Sogda) 

The characters differing Tmhvhydnobius from ihe nommotypical subgenus 


subgenus Sogda Lopatin. 196] 

1 Antennal segments ".9-11 distinctly asymmetrical 

2 Let! mandible with strongly developed sharp dens at 
basal half of mandible length (Fig 14) 

3 Segment 2 cl maxillar palpi longer than wide, the 
3rd one more than twice as long as wide (Fig 13) 

4 All tibiae in belli sexes short. very striking dilate ami 
spmo.se with numerous long lateral spines Anterior 
and posterior tibiae as m figs 19.11 

i Tarsal grooves at anterior tibiae wide, shallow, as long 
as protarsi (Fig 10) 


subgenus Tnchohydnobtus Vogt, 1961 

Antennal segments 9, 9-11 symmetrica: or indistinctly 
asymmetrical 

Left mandible with sirongly developed obtuse dens at 
the basal half of mandible length 

Segment 2 of maxillar palpi wider than long chc 3rd 
one less loan twice as wide as long (Fig 16) 

All tibiae in both sexes long, of usual shape, not strongly 
dilated, with few short spines Anterior and posterior 
tibiae as in Figs 18,19 

Tarsal grooves at anterior Ubiac narrow, shallow, short, 
much shorter than protars; (Fig 18) 


Lciodcs sublilis (Reittcr, 1885) 

teodrs Auhrritf Reittcr, 1886 286 

Mauiual t.xAMiNi i) I male, ’Kazakhstan, Almaty prov, 22 km N Masuk. 450 m, 78*27*1% 43‘T3‘N. 21 vs 1996. Cjy 
I abian. L Nndiu igl “. HMNH 

Distribution Eastern Europe, Saudi Arabia, Afghanistan, Turkmenistan, Mongolia. Siberia (Daf¬ 
fncr 1983), new record for Kazakhstan 
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BOOK REVIEW 


At.lu Sot Zoo! Buln-m 62 S I, I'Mi 
ISSN QS62 j247 


RRANDSTATTF.R F Die Sandrennaiiern. Die Neue Brehm-Bucherei, Vol. 6.16. Magdeburg Wmlurp 
Wisscnschaftun, 1996 142 pp SoAcover, ISBN 3 *94.32 429-3 (in German) 

Another volume (Nr 676) of tbc Die Ncuc Drchm-Ouchcrci edition is the monograph by Dt Frank RrirdsTartci 
(head of die Ziki Ncukirclwn) on Afro-Asian sand-snakes of the genus Psammophn These elegant snakes arc 
somewhat neglected by terrorists so far. although they belong lo the commonest* Snakes in nature 

The bonk summarizes in a popular scientific (and sometimes scientific) planner our current knowledge on this 
genus It is divided tn nine chapters 

The first chapter (Systematic*) considers the taxonomic position of these sand-snakes Short comment); are 
added on then evolution and phytogeny Two cladograms summarize phylogenetic roJalinnsliips within the tribe 
Psainmopliisu, and within the genus Puimmophis 

The second chapter (Biology d H\ammophn species) includes the data on the nomenclature of the genus, incl 
a historical review, and synonymy Short descriptions arc Riven ot general anatomy and morphology, teeth, and diet, 
form ot male copuUttwy organs, properties and function of the poison, staler., and the fossil reevin'. 

The third chapter (h oology I summarizes the data on the life habits of Psammttphu> sand-snnkes. their repro¬ 
duction, diet, predators, sntl'picdatury mechanisms (uutotomy of the tail), anti parasites 

Fundamentals ot keeping and breeding of the sand-snakes in captivity arc described in the fourth chapter (Sand- 
snakes in the vivarium) 

The fifth chapter includes a key to the species and subspecies of live genus Ptammapkir 
Thu must voluminous pmt o! the book is the sixth chapter, containing duscnotions ot all known species and 
subjpccics ol the genus Pumunaph » the following data arc given for each species and subspecies description, 
distribution (met a separate map lor each species), habitat, and ecology In some eases, fundamentals ot breeding 
in captivity arc presented If uncertain, relationships are discussed Latin, German, and English names arc given for 
each species 

The remaining genera of the tribe Psammophim ( Dspsina . Dramnptm, fhmirhagi'rrhiy. Muipoto/t. Mvno- 
phss. P\ummtiphyiax, and Kkampfnvphis) arc mentioned in die seventh chapter hath genus is briefly described, 
mcl data on the morphology, teeth. scales, life habits, distribution, etc 

The eighth chapter (References) includes over 300 citations Papers containing tbc original species descrip¬ 
tion arc listed separately This is uncommon, hut welcome 

The millh chapter (Appendix) is very important from the scientific point of view as it summarizes the 
etymology and synonymy of the scientific names of Psammophu species It was prepared in cooperation with M 
Rcdl Unfortunately, some ot the mentioned papers arc not listed in the References section 

The volume IS supplemented with two color plates, and 29 hlack-and white figures (mostly photographs) 

The book presents valuable and succinct information on this group of cohihrid snakes Everybody interested in 
the snakes, or in lliu heipctofauna of Africa and Asia should purchase a personal uitpy 

Rutlku Dunifciyii 
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Argoptochus pericurti sp. n. from Greece (Coleopfera: Curculionidae) 

Roman Borovec“ & Jean Pelletier 21 


'‘HuSovo nim 48, C?.-503 IS Ncchamcc, Czech Republic 
n 5. me «k> la Saulaic. F 37380 Moniuuc. Franco 


Received January ft. 1997. accepted February 19. 1998 
Published June 29, 1998 


Ah.iraci. Argppipthus pencan ; sp. n is described, illustrated ami compared with the related species A 
cretensis Pic. 1904 

DrScriplion. new Specie-?, Colcoptera, Curculionidae, Otiorhynchinae, Phylobiini, Argoptochus 
pericurti sp. a., PmIucu/cIic region 


The genus Argoptochus Wcise, 1883, lastly revised by Pesarini (1980) and completed by Angelov 
(1987). includes 24 known species, living mainly in die Balkans and Turkey, with two species known 
from Italy, two species known from Central I ’urope and one species known from Caucasus and otic 
species known from Siberia. The genus is represented in Greece by eight species, five of (hem 
occurring in continental pan. three of them occurring in Crete and Corfu. 

Our friend Jean Pencart (Monteroau, France) and his colleagues P. Magnien and A. Matocq, 
collected m Greece, among other weevils, a new Argoptochus species. We dedicate this species to 
J Pericart who possessed us all the specimens of the present study. 

Argoptochus (<4 rgoptochus) pericurti sp. n. 

(Figs 1,3) 

Type MMUtisc Hulolypc (male), allotype (female) and 2 purulypes (males) labelled 54 Pclopoirafesc. Lukonin. 
Vailua ct env (Le Mam), 2 V 1994, Mugmcn, Matocq, P6ncart leg Holotypc, allotype and one paratypo in coll 
I Pclkucr, ones paralyse m coll R. Borovcc. 

Description. Body length 2.06 2.44 mm, measured from elytral apex to anterior border of eye in 
lateral view. Body black, rhe legs and antennae entirely yellow reddish. 

Dorsal pan of body entirely covered by adherent and raised scales. Adherent scales long, oval, 
pomted basally, white greyish with weak pearly shine. These scales dense on the sides of the 
pronntum and at a lesser degree on the lateral elytral intervals, sparse or absent from the dorsal 
intervals. Raised scales on head short, white greyish, not significantly prominent. Raised pronotal 
and elytral scales longer, white greyish on the sides and brow nish on the disc, Elytral scales narrow, 
parallel-sided, longer than the half of width of an interval. Elytral striae with short, greyish little 
setae and eJytral disc with hardly visible, sparse, brown, short little setae. 

Rostrum 1.44-1.57* wider than long, slightly narrowed anteriad, the sides feebly concave. Dor¬ 
sal surface of rostrum narrower than the halfof width of rostrum itself. Eyes regularly vaulted. Head 
and rostrum with dense, shallow puncture. 
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Scape clearly curved, the first antennomere of funicle about 1.5* longer than the second one. 
The second antennomere conical and about 1.5* longer than wide. Antennomcrcs 3 to 5 about as 
wide as long, antennomcrcs 6 and 7 a bit wider titan long. 

Pronotum 1.16-1.26* wider than long, with sides regularly arcuated, densely punctured on disc. 
I>.sc devoid of adherent scales in its whole length. 

Scutellutn small, not conspicuous. 

Elytra long oval, 1.27-1.38* longer than wide with regularly arcuated sides. Striae punctured, 
intervals shiny. 

.‘Ml femora toothless. First tarsomeres conical, clearly longer than wide. Second tarsomeres as 
long as wide. Third bilobated tarsomeres sixikingly wider than the previous ones. Ungular larsoiner- 
es exceed the third ones by about once their length. Claws free. 

Aedcayus widest at its base, strongly tapered before the middle of its length, apical hal f narrow 
and consistently pointed at apex (Fig. 1). 

Biology unknown. 

Difit.remial diagnosis. Having yellow reddish tibiae, the long oval adherent scales, die regularly 
vaulted eyes, dull dorsal area of rostrum and the dense lateral bands of scales on the sides of 
pronoium, the new species is very similar to Argoptochus cretensis Pie, 1904. However, the two 
species can be easily distinguished by characters listed below: 



Tigs 14 Acrfcagus - ventral and laical view (I, 7) and I maul body outlines (3. 4} of: Argoptochus perteani S|>. n. 
(1,3) :>nd A. rrclrnsrs Pic (2. 4). 
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I Raised scales tragi* Iban the half of width of an interval on elytra and distinct on pronoium (Fig. 3). Femora 

yellow reddish. Adherent elytra! scales sparse. Acdcagus as in Fig I. Pr.loporncsos 2 12 4 mm. . 

.... . .. .. . . A periearti sp. n. 

- Raised scales on elytra strikingly shorter Uian the half of width of an elytra! interval, hardly visible cn pionotum 
(Fig 4) Middle part of femora black. Adherent scales on elytra dense. Acdcagus as m hig 2 Crete 2 0- 
2.8 mm . .. . .. A ire lens u Pic, 1904 

In addition, the shape of aedeagus in A. pericarti sp. il is also quite different from all other known 
species of A rgoplcchus. 
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Abstr act Seven new species of Leistus Frochlig, 1799. all from Sichuan (China) arc described and illustrated 
L (Letstu\) lavazzum sp n . L (Evanoleistus) focehimi sp n. L (£) haiushamcus sp n . (El mrosluvac 
sp n. I. (£) oolong sp n , L (E) h raw sp n, L (E) zamotajlovi sp n In addition, new distributional 
data ot the following species of Leistus arc presented L (Leistus) tudmitae Dvofafc (994, L (Evcnoleistus) 
huciieh FarkaC 1995. L (£) kangdmgensis FarkaC. 1995 L (£) sauen Sciaky. 1994. L (£) shuamaluko 
FarkaC 1995 (all from Sichuan) Holotypcs of L (Leistus) cyclodcna Tschitschcrine 1903. L (EvaiuAeistus) 
crcm/er Tschii&chcrinc. 1903, L (E) gnmlrntus TscbilschCnnc. 1903. /• (E) grauUimts Tschilschcnnc, 
1903. I. (£) itvbHfdu Tsdiitscherinc. 1903 arc illustrated 

latonnniy. new ipt-cies, new records, Coleoptera. Carubidac, Leistus, Palaearcttc region 


In this paper, which is based on the study of numerous material and on complete literature survey 
(Tschitschcrine 1903. Wu 1937. IJvofdk 1994.1*crrault 1980.1985 and 1994, Sciaky 1994.1995, Farkac 
1995) one species of the subgenus Leistus Frochlig, 1799 and six species of the subgenus F.vano- 
leislus Jedlicka, 3 967 (sensu Perrault 1980) are described as new At present, three species of the 
conv.nntypic.il subgenus and twenty six species of the subgenus Evanoletstus (Tschitschenne 
1903, Dvorak 1994. Perrault 1994, Sciaky 1994, 1995, Farkac 1995) are known from Sichuan 
We have used several indexes m the descriptions of the species, their list including their abbre¬ 
viations used in the text, follows 


antennal index 
pronoiol index 
pronotal index iwo 
clytral protuital index 
clylui index 


length of untcnnomcrc 5/lcnglh of nntcnnomcrc 3 IA 
widih'IcngiFi of pronotum -* IPw/l 

maximum width of pronotum/basal width of pronotum = IPm/b 
combined width of clytra/width of pronotum = lE'P 
Icngth'widrh of elytra - IEl/w 


Leistus (Leistus) cavazzutii sp. n. 

(Figs 1,13-14,27) 

Dlschiption (habitus ofholotype as in Fig 27) Body length 8 8-9 4 (helotype 8 8) mm Piceous- 
brown Antennae from segment 5, mandibles, maxillary appendages ar.d tarsi paler Mandibles long, 
acute Eyes prominent, large Gular setae situated on small transverse canna IA •= 1 48—1 54 

Pronotum(Fig I) Large, transverse (IPw/l™ 1 46-1 49,lPnv'b- 1 84-1 97) Laieral margin evenly 
rounded Posterior angles obtuse Marginal bead flattly dilated from middle toward posterior ang¬ 
les Anterior margin of pronotum margined Basal area sparsely, but coarsely punctate Basal seta 
absent 
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Elytra widely oval, lateral head namw. Shoulders not prominent, arcuate. Intervals almost flat, 
striae distinctive, grather coarsely punctate. Maximum width at middle. 1E/P = 1.23-1.31, lEI/w - 

=1,54-158. 

Aedeagus (Figs 13 14) similar to that of the European L. (Leu tits) piceus Froehlig, 1799, but 
dilated distally, and with rather suddenly attenuate but obtuse apex. 

Affinities. !Justus cavazzutiisp. n. differs from/.. (Leistus) huimilae Dvorak, 1994 by the distinctly 
more transverse pronotum. Aedeagus otL. iudmi/acis groove-like, parallelsidcd distally, and with 
obtuse apex. It differs from L (Leistus) eye indents Tsehitscherme, 1903 by rhe shape of both the 
pronotum (Figs 1 und 8) and the aedeagus (Figs 13-14 and 27-28). 

IVp&matoual Holotype male, labeled. China. Sicfcunn. Miun Shan. 2?(HJ m, vu-vui 1995, ]gt P 1 ; C'avazzua In 
the collection of R. Sciaky (Mil3no). PAratypts: one male ar.d cnc female, same data as holotype. In the collec¬ 
tions of i Farkafi (Praha) and R Sciaky (Milano) 

Etymology, Patronymic, the species is named in honour of Pier Franco Cavazzuti (Pagno), the 
renowned Carabus specialist. 

Leistus (Evano/eistus)faci'hiniisp. n. 

(Figs 2,15-16,28) 

Description (habitus of holotype in Fig. 28). Body length 8.5 mm (only holotypc known). Head 
black, pronotum, elytra, femora and tibiae with brownish hue. Tarsi and maxillary appendages 
yellow-brown. Antennal segments yellow-brown, paler both proximally and basally. IA — 1.63. Eves 
prominent. Gular setae situated on indistinct transverse carina 

Pronotum (Fig. 2) w-ith lateral bead. Lateral margin evenly rounded, in front of posterior angles 
straight, but w ith faint summon. Posterior angles obtuse-angulate. Disc convex, smooth, shiny. 
Anterior margin, lateral bead and basal portion punctate. Posterior seta absent. IPw/l = 1.52, 

IPnVb - 2.09. 

Elytra with rounded shoulders. Lateral bead slightly narrowed apicad. Lateral margins slightly 
rounded; elytra widest around middle. Stria! punctation distinct. 1E/P - 1.32, TEl/w -~ 1.68. 

Aedeagus (Figs 15 16) curved m lateral view, with long and slender rounded apex. 

AsntNimus. Lfacchiniisp. n. differs from/,. (Evanoleistus)drwet Pcrrault, 1994 (from Huang Lang, 
Sichuan) of similar habitus, particularly by the entirely differently developed distal portion of the 
aedeagus (Pigs 15 16 and PerrauH 1994). It also differs from the habitually similar/., (hvanalebttux) 
petraulti Sciaky, 1993 (from 7!hangla, Sichuan) by the differently shaped aedeagus (Figs 15-16a:id 
Sciaky 1993). In both species the aedeagus has a considerably shorter and stouter apex, as com¬ 
pared to the slender and long apical portion of the aedeagus of’.he new species. 

Typt matfsiai. llolotypc male. labelled China, Sichuan, lluir.R Lon*;, vu 19%, |]gt | Moreno. In the collection of 
R Sciaky (Milano). 

Etymology. Patronymic, Ihe species is named in honour of our friend, the renowned carabicfologist 
Sergio la echini (Milano). 


Leistus(Evanoleistus) haisishanicus sp. n. 

(Figs 3,29) 

Dhsckiption (habitus of holotype in Fig. 29). Body length 9.7 -10.2 (holotype 10.2) mm. Color dark 
brown, shiny. Tibiae, tarsi, antennae, mandibles and maxillary' appendages paler. Antennae long, 
slender. Eyes not prominent. Guiar setae situated on transverse Carina. Legs very long. IA = 1.50- 
1.56. 
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Pronctum (Fig. 3) very narrow (lPw/1 = 1.22-1.27), with shiny, convex disc, lateral margin slightly 
sinuate in front of posterior angles. Posterior angles obtusely ungulate. Lateral bead narrow. Ante-' 
nor margin, basal area and lateral bead markedly, coarsely punctate Basal seta absent. IPnvb =- 
-1.99-2.07 

Elytra oval, stoat with slightly prominent shoulders, maximum width middle. Elyiral intervaJs Hat. 
striae markedly punctate. 1E/P = 1.52-1.58, IHl/w * I 50-1 62. 

Male unknown. 

AFnvirtus. Lcisfus haisish an icus sp. n. dr/fere from the only other species ofsimilar habitus, Leistus 
(Kvanaleisius) cylindrical Sciaky, 1994 (from Zhangla) by the presence of the lateral bead on 
pronotuin {absent in L. cylindricus ) and by the more distinctive punctatton of the elytra (Fig. 25 
and Sciaky 1994). 

Tvn kwtejual Holotype. female, labelled China, Sichuan. Kangdmg distr, SE slopes of Mi Haisishan (Varala), 
4100-4600 m. 21 vii 1996, Igt A Zamotajlov, A Mirosbnikov & D Fedorenko In the collccuon of Alexander 
S. Zamotajlov (Krasnodar) Para types two females, same data as holotype. In the collections of J. FarkaC (Praha) 
and A S Zamotajlov (Krasnodar) 

Etymology. The specific name is derived from the name of the mountain range Haisishan, the type 
locality. 


Lcistus (£i unoleistus ) miroslavae sp. n. 

(Figs 4,17 18,30) 

Descriki ion (habitus of holotype as in Fig. 30). Body length 8.7-9.2 (holotype 8.8) mm Color dark 
brown, tarsi, antennae, mandibles and maxillary appendages paler. Eyes prominent Gular setae 
smutted or transverse carina. Mandibles relatively short, outer lateral margin anly slightly sinuate. 
IA= 1.54-1.66. 

Pronctum (big. 4). Lateral margin rounded, straight^ from middle toward base than toward 
apical margin maximum width before middle. Posterior angles obtusely angular© lateral bead 
slightly dilated toward basal depressions. Pundation of anterior margin and base indistinct, punc- 
tanon of lateral bead very fine. Basal seta absent. 

IPw-l - l.48 1 53. IPmb = 2.00-2.11. 

Elytra. Rounded but with appreciable shoulders. Lateral marg ns almost parallel in middle third. 
Intervals flutystiial punctation indistinct. 1R/P~ 1.21-1.27, IHl/w - 1.56-1.61. 

Aedcagus (Figs 17 18) Distal portion of aedeagus groove-like, apex obtuse 
Afkjn: ril-s. I.tislus miroslavae sp. n. differs from /.. (Evanoleistux) hueckeli Farkac, 1995 and L. 
{Evanoleislus) sciakyi Farkad, 1995 (both (Jongga Shan massive. Sichuan) both with similar aedea- 
gus, by the different shape of pronotuin (Fig. 4 and Farkai? \ 995) It differs from !, (Evanoleistwr) 
vig/iarSciaky, 1995 (Sichuan: between Jiuzhaigou and Songpan) by the more parallel-sided elytra, 
and by the different shape of the pronctum and aeceagus (Figs 4.17-18,30 and Sciaky 1995). 

Tvk MATERtAi. IloloTypc male, labelled. CM, N-Sichuan (Barkan:), wallcy SW of Barkam, 31 53N 102 32E, 3000- 
3800 m, 22 vn 1995, !gl. M Janata. In the collection of 3 Farit at (Praha) Pmatypcs three males, same data av 
hololypc In the collodions of J. Farkai (Praha) and Miroslav ianala (Praha) 

Etymology. Patronymic, named in honour of collector’s daughter. 

Collect ion circumstances. All specimens were taken in mixed'coniferous forest. 
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A 

B 


Figs 9-16 Pronoiurc of 9 L [Evanoleisius) crem/er Tschiuchcrinc, 1903 fliololypj), 10 Leuhis (E.) 
granlentwc Twliltschfiiiljc (holciypc), II - L (E.) graciilmius Tschilschcnnc (holotypek 12 4 (E ) nubicolu 

Tschjlschenoc (hololypc): Aecltvigus of hokXyptf in dori.il and lateral view of 13. Id - L ( Utstus ) cawroim sp 
n. 3 5. 36 - L (Ewnoletituf){uichuui sp n . Scale I nun (A: Pigs 9-12, B: Pigs 13—16). 
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Leistus (Evanoleistus) wolongsp. n. 

(Figs 5,19-20,31) 

DnscicrnoN (habitus ofholotype in Fig. 31). Body length 8.5 9.3 (holctype 9.0) mm. Color piceous- 
-blaek with paler tarsi, mandibles, antennae and maxillary appendages. Eyes developed in usual 
way. Gular setae situated on transverse carina. 1A = 1.47 1.60. 

Pronotum (Fig. 5) heart-shaped (ll’m/b = 2.00-2.13). lateral bead wider and flat, narrowed 
toward posterior angles. Disc convex, basal depression coarsely punctate. Posterior angles obluse- 
angulate. IPw/1 - 1.42-1.57. 

Elytra. Convex, lateral margins sub-parallel. Shoulders prominent. Strial punetation distinctive, 

intervals flaUE'P - U5-1.39, lEl/w-1.60-1.64. 

Aedeagus (Figs 19-20). Distal portion curved, with obtuse apex. 

Affinities. Leistus woivng sp. n. differs from L gansuensis Sciaky, 1995 (Gansu: between Xiahe 
and Ueznojhen) of similar habitus by the narrower pronotum (Fig. 5 and Sciaky 1995), by the more 
prominent elytra! shoulders, and by the longer, before the end curved, apex uf the aedeagus (Figs 

] 9-20 and Sciaky J 995). 

Tv pe M4TKHIAI Holotypc. male. labelled- Sichuan, Wnlong, 4400 m In the collection nf J Farkac (Praha) Para- 
typcs one female, sumo data as holotypc ami two males, labelled China. Sichuan. Wnlong Kilong. 4?00 m, vii 
1996 In the collection* ol Tlncry Dcuvc (Mus£um national d’Histoirc naturdle. Pans], R. Sciaky (Milano) and S 
F&cchmi (Milatio) 

Etymology. The specific name is derived from the name of the village Wo Long, in the vicinity of 
which (he new species was found. 

Leistus {Evanoleistus) wrasei sp. n. 

(Figs 6,21-22,32) 

Description (habitus of holotypc in Fig. 32). Body length 9.1 • 9.6 (holotype 9.3) min. Black. Anten¬ 
nae, mandibles, maxillary'appendages, legs and lateral margins of lateral head of pronotum brown¬ 
ish. Mandibles long, acme. Eyes prominent, large. Gular setae situated on fine transversal carina. 
1A= 1.25-3.45. 

Pronotum (Fig. 6) large, transverse (IPw/1 = 1.54—1.61, IPm/b = 1.91-2.00). Lateral margin sinuate 
before hind angles, hind angles almost rectangular. Lateral bead of pronotum wide, Hat, narrowed 
toward hind comers. Basal depression sharply dclimiled from pronota! disc, sparsely but coarsely 
punctate. Basal seta absent. 

Elytra parallel-sided, humeri appreciable, rounded. Intervals flat, striae coarsely punctate. Four 
or five sctifcroiks punctures in third interval. IE/P “1.15-1.28, lEI/w= 1.60 -1.80. 

Aedeagus (Figs 21-22) attenuate distally past ostium and then assymetncally securiform, rota¬ 
ted to left. 

Affinities. Leistus wrasei sp. n. resembles habitually 1. (E. ) yunnaruts Banninger, 1925 (from Yun¬ 
nan) andl. ( E. ) brancuccii Farka£, 1995 (from Yunnan and Guizhou) It differs from/- yunnanusby 
the wider pronotum and narrower elytra, and from L. brancuccii by the sinuation of the lateral 
margin of the pronotum (Fig. 6, Perrault 1985 and Faricaf 1995). It differs from both species by the 
different shape of the distal portion of the aedeagus (Figs 21-22, Perrault 1985 and FarkaC 1995). 

Tvk KAH-KUL Hololypc: male, labelled China <W. Sichuan), 2936N I02 04F., Daxuc Shan, Hailuognu Glacier 
Park (Gongga Shan), Camp I. 2100 m, 27./2S./31 vll9J97, Wrasc (leg) Pnraiypcs three mules and three 
females, same data as holotypc, four males and three lcrr.alcs, labelled China: Sichuan. Daxuc Shar,. Gonggu Shan 
Ml, Hailougpti Glacier Park. 102 04B 29 36N, nver valley ca I km above Camp I, 2100 m, 28 Al.v.1997, leg. A 
Pjlr. In ibe col let lions of J Farkaf (Praha), D W. Wrasc (Berlin) and A. Piilz (Biscnhullcnstadt). 
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Etymology. Patronymic, the species is named in honour of our friend, the renowned carabidologist 
and collector of the new speeds David W. Wrase (Berlin). 

Leistus {Evanoleistus) zamotajlovi sp. n. 

(Figs 7,23-24,33) 

Description (habitus of holotype in Fig. 33). Body length 97-9.9 (holotype 9.7) mm. Color dark 
piccous-brown, mandibles, maxillary appendages, tarsi and antennae from segment 5 paler, yellow¬ 
ish. Antennal segments 1 4 dark with paler distal end. Byes normal. Gular setae situated on trans¬ 
verse canna. IA= 1.51-1.56. 

Pronotum (Fig. 7) heart-shaped (IPm/'b = 2.00-2.11). Disc convex, with distinct medial line. 
Lateral bead dilated toward posterior angles. Basal area punctate, basal depressions on posterior 
angles distinct. Lateral margins sinuate in front of posterior angles, basal angles therefore almost 
rectangular. Basal seta absent. lPw/l= 1.25-1 42. 

Elytra Elongate oval, with maximum width behind middle. No apparent shoulders, lateral bead 
narrow. Strial punctation fine, intervals almost flat. I E/P = 1,15-1.38, IEl/w - 1.64-1.75. 

Aedcagus (Fig. 23-24). Distal portion long, tapering toward obtuse apex. 

Affinities. L zamotajlovi sp. n. differs from/.. {Evanoleistus) saueri Sciaky, 1993 (from the same 
locality ) by the slenderer habitus, by the different aedeagus (Figs 23-24 and Sciaky 1993), as well 
as by the differently shaped pronotum (Fig. 7 and Sciaky 1993). 

Type material Holotype* male, labelled: China, Sichuan, Kangding disir, Lake Xicrcnhai (Mugclcuo) vie, 3900 m, 
23 -24 vn 1996. Igt A Zarrotajlov, A Miroshtitkov & D Fedorenko In ihc collection of Alexander S Zamota 
jlov (K/asnndar) Poratypc* Two rnalc.s, 'ami: data as holotype In the collodions of J Farkad (Praha), and A S 
Zaniota|lov (Krasnodar) 

Etymology Patronymic, named in honour of Alexander S. Zamotajlov (Russian Academy of Sci¬ 
ences, Krasnodar), the collector of this new species. 


Lesistus ( Leistus) fudmi/ae Dvorak, 1994 

Leistus (Leans) iutimlae Dvofak. 1994 6 

Mahsiai ixAMiMii One female specimen, lubcllcd. China. W Sichuan. 31.55N. 98.53b, Chola Shun mis.. I9.vu 1997, 
road Dcgc Manigangjio. 40 km t of Ucyc, ecu 42Qtl m. picca forest. M. Tryzna & O. Satrinck Igt. 

The species was until now known only from rhe two specimens of the original scries. The additional 
specimen was compared with the holotype in the collection of M. Dvofak (Praha). 

Leistus {Evanoleistus) haeckeli Farkatf, 1995 

Utstu.' {Evunuleutm) haeikeL Fi'kai. 1995. 152-153 

Material exami-veo hoar specimens. labelled China, Sichuan. Oongga Shan, Hailuogou, above Camp 3, 29.35N 
102 COG. 3200 m, 7 vn 1996, Igt J Farkad, P Kabitck and A Smetana. 

The species was previously known only from the specimens of the original series (Farkafi 1995) from 
the same locality. The additional specimens were compared with the holotype in the collection of J. 
Farkac (Praha). 


Leistus ( Evanoleistus ) kangdingensis Farkad, 1995 

Learns (Evanolcaha) kangdingensis Farkad, 1995 154 
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Fig*. 27 30 Habitus of holotypcs of: 27 - Lelstus ilsisiu*) cawizmtii sp. n.; 28 - L (Evanolcism) facchinil sp. n.; 
2*J L it) hiusnhtiuu us sp. n. ; 70 - !. ( F.) minis in vne sp. n. 
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Mahkeai ixAMTtstli Two specimens, labcllod China, Sichuan, Pass ca 30km W Kangding, 4000 4200 ni, 12 vi 1995, 
Igl |Wj Hem/ 

Only The original senes of specimens (Sichuan 16 and 30 km W of Kangding) of this species was 
known until now (Faikae 1995) The additional specimens were compared with the holotype in the 
collection of J FarkaC (Praha) 

Leistus (Evanoltislus)pscudocreniftr Seiaky, 1995 

terstus (Evanoleulut) pseudocrcaifer Sciaky, 1993 293 

Matehiac. fxamined One male specimen, labeled V»‘ Sichuan, Aba co, tiarkam, jSOOm, vi IW4, M Hack cl leg 

Only ihc original series ofspecimens (hi Sichuan Jiuzhaigou and Burk&in S-environs) of Ibis species 
was known until now (Sciaky, 1995) The additional specimen were compared with the paratype :n 
the collection of J. Faikae (Praha) 

Lcistus (Kvanofeistus) saueti Sciaky, 1994 
Uimus (Evano(emus) sawn Seiaky, 1994 208-2Q9 

Material examined Four specimens, labelled China, Sichuan, Umg Ksngding. See Mogeguo, 3600 3800 n. !l 
13 vi 1995, Jgl IWJ Heinz 

The species was known until now only front the specimens of the original series (W Sichuan 
MugezoLake) (Snaky 1994) 

Leistus{Evanold slits) shuamatuko Farkaf, 1995 

Leuiut (Evanoieutut) shuamaluLo Farkafi, 1995 156-158 

Mahkim examined One specimen, labelled CH. Sichuan (Hongyuan), wait 10 km SE Sanggarpar {alpine meadow / 
scree), 32 l$N 102 35E. 4200m. 19 vu 1995, Igi K & B Blczina 

The species was previously known only from the holotype (Sichuan Shuamaluko) (Farkac 1995) 
The additional specimen was compared with the holotype in the collection of J Farkac (Praha) 
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Abstract. Adtasporcs of the fungus Emmonsia parva var cresiens were delected in the lungs of 288 
animals (II 8% nf Sore* araneus, I of 5 Croadura suaveolens. 196% of Mtcrolus tin.-ahs. I of 3 M 
suble/raneu\. .16 1% of Clethnonomys glareolus, 23 3% of Apodemus flavico'ltx and 198% of A sylvaticus) 
out of 1197 small mammals (Soncidac, Arvicolidac, Muridae) of 10 species examined in the Palava 
Biosphere Reserve South Moravia, Czech Republic The mammals were caught in May and October. 1989- 
-1993 The overall prevalence of cmmonsiosis (adiasporomycosis) was 24 3% ir. rodents (42 3% in 3dulcs) 
and 12 5% in inscctivorcs (25 0% in adults) Emmonsia infection was significantly more frequent in adult 
(42 0%) than in juvenile (13 3%) mammals and also varied according u> habitat 

Rodent)a. Inscctivora. Emmonsia, adiaspores, mycosis, disease 

INTRODUCTION 

Emmonsiosts (adiasporumycosis) is a pulmonary infection of mammals caused by fungi of the genus 
Emmonsia, most often £ parva var cre.rcc/t.v (Emmons et Jellison, I960) van Oorschot 1980 (Em¬ 
mons Sc. Jellison 1960, Dvorak et al 1973) The infection is widespread among small mammals in 
South Moravia, Czech Republic (Hubalek et al 1991), but only a limited sample of mammals (n= 110) 
has been tested so far in the area of the Pavlovske vrchy Hills The present investigation has 
followed and supplemented a long term ecological and faunal study of sma'd mammalian communi¬ 
ties in that important biorcserve of the UNESCO (Gatsler et al 1996) 

MATERIAL AND METHODS 

Tim Pa lav., Unisphere Reserve (81 kin ; ) is situated at the town Mikulov in South Moravia, on the border hcnvcer 
(he Czech Republic and Austria The climate is warm und moderately dry Far a description of the area and further 
deoils, see (Jaislcr et al (1996) 

Small mammals were caught in snap traps and live traps dunng May and October (a tew n August) in the years 
1989 to 1991 Tie traps were laid along 12 standard lines and in one quadrat (Gatsler et al I c, Fig I) Captured 
animals were dcterniuuMl, sexed arid aged For ihc purpose of this study, Sexually active animals and those in sexual 
regression we considered os adults while all other animals as juveniles 

The whole lungs of mammals were placed in 2*4 K.OH overnight, and then examined microscopically, adni- 
sporc# of Enuiionsui were counted and measured Differences in the prevalence of infection were evaluated by the 
cht-square test 
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Tab. I Emmonsia infociiofl according to the host species 



n" 

Ah animals 
mP 1 

% 

0" 

AGulU only 
mt : ’ 

% 

Sorex araneus Lirnacu*. 1766 

17 

2 

11.8 

6 

1 

16 7 

S MuutfitA Linnaeus. 1766 

i 

- 

- 

- 

- 

- 

Crocuiura *uaiHol*n.% (Pallas, 1*21) 

5 

1 

(20) 

2 

3 

(50) 

Tttlpu europtiia l.initacus, 1 75* 

1 

- 



- 

- 

MicroJus tirvo.'u (Pallas, 1779) 

199 

39 

19 6 

72 

20 

27.8 

M subterraneus (de S^lys-Longchamps. 1836) 

3 

1 

(33) 

1 



Cle!hrion,>:*y* glartnlus (Schrcbcr. 1780) 

233 

84 

36 1 

90 

51 

56 7 

Apadcmu\ .\ytvatiou\ (I.innacus, 375X) 

298 

,S9 

19 8 

81 

39 

48 1 

A flavicvilu (Melchior. 1*34) 

437 

102 

23.3 

196 

76 

38 8 

Micromys muwius (Pallas. 3771) 

3 



- 



Tnljl 

1197 

2SR 

24 1 

448 

188 

42 0 


'no. of animals examined 
' J no of animals infected 


RESULTS 

A total of288 animals out of 1197 examined (24.1%)and 188 of448 adult mammals (42.0%) were 
infected (Tab. I). All adiaspores were typical of Emmonsia puna var. crescens. with the mean 
diameter >70 pm. Two insectivore and five rodent species out of 1 (I mammalian species examined 
were infected: So rex araneus, Crocidura suaveolens, Microtus arvaiis, M. subterraneus, Clethri- 
onomys glareolus, Apodcmusjiavicollis and A sylvaticus. The overall prevalence of emmonsiosis 
was 24.3% in rodents (42.3% in adults) and 12.5% in inscctivores (25.0% in adults). The prevalence 
rate w’as significantly higher in the genus Clethrionomys (36.1%) than in Apodcmus (21.9%) or 
Microtus (19.8%); corresponding rates for the adults were 56.7%, 41.5% and 27.4%. respectively. 
The higher prevalence rate of emmonsiosis in Clethrionomys was significant for animals of all age 
groups (x*=l 6.62; P<0.001) as well as for adults (x*=8.27; P<0.02). 

Emmonsiosis was uniformly distributed between male and female mammals (Tab. 2: x 2i= 3 -54 and 
P>0.20 for all age groups; X J =0.I4 and P>0.70 for adults) but it was significantly more frequent in 
adults (42.0%) than in juveniles (13.3%; Tab. 2:x^95.63; P<0.001) and italso varied according to 
habitat (Tab. 3). E.g.. the mammals caught on shrubby foothill ecotonc of the main limestone ridge 
were significantly more often infected than those from the other habitats (x J - 16.025: P<0.02). The 
lowest infection rate of mammals was found in the sample from a deciduous mixed ioresr affected by 
deer breeding (the Milovicc game preserve). 


Tab 2 Emmom.u infection according In the hosl age and sex 



n 

inf 

% 

Adults 

44 8 

188 

42.0 

Juveniles 

750 

11)0 

13.3 

Wales fair ago greaps* 

587 

130 

22. J 

Females (all age groups) 

608 

156 

25.7 

Adult arslcs 

1 99 

8J 

40 7 

Aduli Icroalcs 

249 

107 

43 0 
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lab. 3. h.mmortsia infection according to ibe* JMttI Imbitai 



n 

Alt animals 
inf 

% 

n 

Adults only 
inf 

% 

Deciduous forests of ihc mam limes lore ridge 

32 J 

82 

25 5 

142 

61 

43.0 

Grassland on limes lone soil 

77 

20 

26 0 

33 

1 1 

33 3 

Kitten fields 

150 

36 

24 0 

59 

28 

47 5 

Shrubs at the foothills 

t78 

62 

34 8 

17 

3 4 

59 fi 

Uccidlioua forests affected by ilr.v breeding 

214 

34 

15 9 

72 

21 

29.2 

Floodplain forest 

158 

32 

20.3 

54 

22 

40.7 

Floodplain meadow 

99 

22 

22.2 

3 1 

1 1 

35.5 


The prevalence of emmonsiosis was higher in May (32.0%) fhan in October (22.0%; Tab. 4: 
X : = 7.64, p<0 01). This was due to relatively more juveniles obtained in the October (72.5%) than in 
the May (24.9%) sample. In adult mammals, the prevalence rate was identical for the two months 

(r-0.001.P>0.99). 

The mean intensity of Emmousia infection was 175 adiasporcs per infected animal (185 in adults), 
with a maximum of6045 adiuspores (Apodemus sylvaticus) and a minimum of only one adiaspore 
{53 cases). The mean infection intensity values varied among the rodent species: they were higher 
in A sylvaticus (370 a diaspora per infected animal), Microtus arvalis (191) and Apodemus flavi- 
collis (128) than in Clcthrionomys glareolus (93). Re-infection (adiaspores of two distinct size 
classes present in the lungs ofan animal) was found in 10 . 1 % of infected mammals; the re infection 
rate also fluctuated for individual species: Sorex araneus I /2, Microtes arvalis 12.8%, Clethriono- 
mys glareolus 13 1 %, Apodemus sylvaticus 11.9% and Apodemus Jlavicollis A .9%. 

The mean diameterofadiaspores in mammals varied between 31 and 511 pm, with an arithmetic 
mean ol 217 pm. Average adiaspore sizes were 285 pm in Sorex araneus, 141 pm in Crocidura 
suavealetts, 173 pm in Microtus arvalis , 97 pm in Microtus suhterraneus, 331 pm in Clethnono- 
mys glareolus, 165 pm mApodemusJlavicollis and 173 pm in Apodemus sylvaticus. 

DISCUSSION 

The overall prevalence rate of rodent enimonsiosis in seven different habitats of the Palava Bio¬ 
sphere Reserve was 24.3%, and 42.3% in adults. It was higher than average data from S. Moravia, 
t.e. 16.2% and 20.4%, respectively (Hubalck et al. 1991). Emmonsiosis was significantly more fre¬ 
quent in Clcthrionomys than in rhe two other rodent genera, Apodemus and Microtus. Sorex 
araneus, Crocidura suoveolens and Microtus subterraneus are new host species of F.mmonsia 
parva var. creseats m S. Moravia. The present results Confirm previous studies (Prokopii 1971, 
Dvoftk ct al. 1973. Hubalck ct al. 1991,3 993) that the host’s sex does not play a role in the distribu¬ 
tion of emmonsiosis, while the pronounced age effect reflects the prolonged exposure of the host to 
the fungal agent m the environment. The distribution of emmonsiosis was relatively homogeneous 
among habitats of the Palava Biosphere Reserve, with two significant exceptions: the shrubby 


Tab \ Gmmonna miceuon according lo ■season 




All animals 


Adults only 


n 

inf 

% 

n 

inf 

% 

May 

225 

72 

32 0 

169 

71 

42 0 

Oelnbur 

955 

210 

22 0 

263 

1 1 ( 

42 2 
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foothill ecotonc with a higher prevalence, and the deciduous forest affected by deer (Cervus 
elaphiis, Duma Jama) breeding at Milovice with a lower prevalence of emmonstosts. Interestingly, 
rather high rodent emmnnsiosis rates were detected in the floodplain-forest ecosystem a: Bulhary. 
This is, however, in accord with another study from S. Moravia {Hubdlek et al. 1993). The mean 
intensity of infection was higher in the genus Apodemus than in Clethrionotnys: conversely, the 
mean diameter of adiaspores was greater in Clethrionomys than in Apodemus. Very similar results 
were obtained in the previous study (Hubalek et al. 1991). Also the re-infection rate of rodents was 
nearly identical in both studies: 9.8% vs. 11.6%. 
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Abstract. Three larval tr.siars of Amara (Amara) Jameltca Zmtir.crT.ann. 1832, A (A ) htlorea C C 
Thomson. 1857 and A (A ) proximo Putzcys, 1866 arc described and illusrraTcci DilTcrcntial diagnosis of 
live nommorypical Subgenus Amaru Bonclis, 1810, based on the larval characters, is given Dala oji ihc 
developmental tune and the brccdjog type of nil three reared species arc mentioned All three species laid 
eggs on ihc mixed vegetable (oat Hakes) and insect (Tenctna larvae) dKt, for A huorea the offered cbci was 
or the lowest value Larvae and pupae of A famelica and A proximo were able to survive on a pure insect 
diet, A famelica larvae and pupae also on a pure vegetable and a mixed vcgctable+insccl diet 

Larval taxonomy, breeding type, developmental time, larval diet, Coleoptera, Carahidae, Amaru , 
PaJaparflif Region 


INTRODUCTION 

Out of about 80 species of rhe noimnotypical subgenus Amara Boceiit, 1810, af leasl some larval 
characters are mentioned m 15 species ( Arndt 1991, Bily 1972, Burakowski 1967, Desendcr 1988, 
Desendcr cl all 1986, Habit & Sadanaga 1963, Luff 1993, Thompson 1979). Nevertheless, not even 
one third of these larval descriptions includes all necessary data on morphology and chaetotaxy, 
and illustrations of the distinguishing characters. The aim of this paper is. (1) to give the taxonomic 
diagnoses of further three species, contributing to the determination of differential diagnosis of the 
subgenus in the larval stage, and (2) to provide bionomio data concerning the development and the 
breeding type of these relatively rarely occurring species. 

MATERIAL AND METHODS 

Three larval mstars of Amara (Amara) famelica (14 L t . 12 L ;> 19 L,). of A (A) Uttorea (5 L,. 2 Lj, 5 L,) and of 
A (A ) proximo (14 L , 12 L ; . 11 L.) arc reared ex ovo. according lo the technique described by Hurka £1996) The 
parental pairs are found as follows A (A ) famelica - Bohemia occ . Slavkovsky les Mis , Krasno (code of mapping 
square 5842*'), pccc-bog, 780 m. 3 v 1990, J Hcjkal leg , A (A ; Irttorea - Bohemia ccnlr. Praha-Ruzynt (5951). 
field. 24 iv 1995. A Kondk (eg. Bomcroia ccnlr. Praha-Radoim. Ctkanfca env (6051), fallow. 2 iv 1997. K 
Hftrka leg, A /A) proxima - Slovakia mcr. Plaifovcc (7879). 17 iv 1995. J Hcjkal leg 

For comparative purpousc larvae of following taxa have been sludicd Amara (Amara) aenea (Dc Geer. 1774), 
A (A ) commu/ti a (Panzer, 1797), A (A ) convextar Slcphcni, J828, A (A ) curia Dejean. 1828, A (A ) eurynota 
(Panzer. 1797;. A (A ) makoisKti Roubaf, 1923. A (A j puipatu Kult, 1 949, A (A J spreta Dejean. 1831, A 
(Amarocehu) erratica (Dultschmid. 1812). 6 species of Ihc subgenus Celia Zinuncrmann, 1832. A ( Paraccha) 
quench quenselt (Schonhcrr. I8C6), A (Percosm) equextris equeitris (Duflschmid. 1812), 5 species of the 
subgenus Bradvtus Stephens, 1828 and 3 species of ihc subgenus Cunonvtu* Stephens, 1828 

All larvae arc deposited m the CoJIcctio Hurke of ihc Charles University Praha, Department of Zoology The 
notation of setae 3nc pores follows the papers by Bousquet & Goulet (1984) and Bousquet (1985) 

for details see Buchar (1982) 
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DESCRIPTIONS 


Amara(Amara) famdica Zimmermann, 1832 

{Figs 1-10) 

Colour. Head, thoracic and abdominal terga pale rusty brown, head and prunotuin darkened. 
Third instar. Head: cephalic capsule transverse {index width/length = 1.50- 1.00), sices slightly 
convex; cervical grooves deep, reaching dorsally space between PA-, and PA. and almost reaching 
PA|j ventrally; coronal suture as long as two thirds of antennomere J V; nasale wiili 6 large teeth, the 
two and two inner teeth slightly less spaced (I ig. 6); mandibles with one longer and three shorter 
secondary setae (Fig. 4); antennomere I with one small secondary seta, antennomere II with oblig¬ 
atory- two (rarely one) secondary setae (big. 7); labial palpomcre I without secondary seta, width of 
head capsule 130-1.45 (aver. 136, n-7) mm. Thorax, femora with 3 spiniform secondary setae. 
Abdomen: terga I—IV withTEo long.nearly as longasTE, c (Fig. 9); urogomphi 1.05 1.20 times as 
long ax width of tergum IX, with 9 long setae. UR„ absent {Fig. 10). 

Second instar. Head: antennomere I without secondary seta, antennomere J1 with one secondary 
seta; width of head capsule 0.84-1.10 (aver. 0 94, n-7) mm. Thorax: femora with 2 spiniform secon 
duiy setae. Abdomen: TE W about two thirds of T£, 0 length. 

First instar. Head: index width/length - 1.40-1.45; egg bursters fonning a ridge composed of very 
small, blunt teeth, more spaced proximad, reaching FR 2 , PA* at most one third of the egg burster’s 
length (Fig. 1); coronal suture about one third of the antennomere IV length; width ofhead capsule 
0.63-0.67 (aver. 0.65. n=7) nun. Abdomen; tergal setae of the posterior row about four times as long 
as setae of the anterior row' (Fig. 8); urogomphi 1.2-1.3 times as long as width of tergum IX. 

Amara (Amara) littorea C. G. Thomson, 1857 

(Figs 11-20) 

Colour. Head, thoracic and abdominal terga rusty brown, in first and second instars head and 
pronotum darkened. 

Third instar. Head: cephalic capsule transverse (index width/length - 1.45-1 .60), subquadrate, 
slightly narrowed in apical fifth; cervical grooves distinct, reaching space between PA, and PAj 
dorsally, short ventrally, not reaching PAu, coronal suture half as long as antennomere IV; nasale 
with 6 large teeth, the two lateral teeth separated from the four medial teeth by an incision of about 
one tooth width fFig. 14); mand:bles nearly twice as long as basal width, with one longer and three 
shorter secondary' setae (Fig. 16) antennomere I with one short secondary seta, antennomere II with 
two secondary setae, labial palpomere 1 without secondary seta; width ofhead capsule 1.12-1.20 
(aver. 1. 1 5, n=5) nun. Thorax: femora with 3 spiniform secondary setae. Abdomen: terga I—IV with 
TEt, long, nearly as long as TP l0 (Tig 19); urogomphi nearly as long as width of tergum IX, with 10 
long setae, UR,, long, abouttwo thirds of UR* length (Fig. 20). 

Second jnstar. Head: coronal suture shorter than hall’length of antennomere IV; antennomere J 
without secondary seta, antennomere N with only one secondary seta; width ofhead capsule in 
two specimens 0.80 ar.d 0.84 mm. 'Ihorax: femora with 2 spiniform secondary setae. Abdomen: TE„ 
about half as long as TF.| f . 

First instar. Head: index width/length 135 1.45; cervical grooves nearly reaching PA|< ventrally; 
egg bursters fonning a ridge composed of very' small blunt teeth, being more spaced proximad (Fig. 

11), not even twice as long as PA* but reaching over FR : : coronal suture short, one third of the 
antennomere IV length: width ofthe head capsule U.55 0.58 (aver. 0.56, n=4) mm. Abdomen: length 
of tergal setae in the anterior row about one fourth of those in posterior row (Fig. 18); urogomphi 
1.2 3.4 times as long as width of tergum IX. 


106 





Amara (Amara) proximo Putzevs, 1866 

(Figs 21-30) 

Colour I lead brown to rusty brown, in first and second instar thoracic and abdominal tcrga brown- 
grcy 

Third instar Head cephalic capsule transverse (index width/length = I 45-1 60), sides slightly 
convex, cervical grooves shallow, reaching dorsally space between PA, and PA,, short ventrally, 



Figs JI —20 Anuau (A ) hi/iueu C. fi Thomson II cephalic capsule of t-i, 12 cephalic capsule of I,,. 13 tuisalc 
nfl-i. na-valo of 1.„ IS mandible of L„ 16 mandible of L,. 17 antcnnomercs I+ll of Li. 18 ubd Icrguoi IV ot 
L;. 19 al>d leigvri IV ol Li. 20 tcrpim JX and urotfomphus of L, Seales = 0 2 mm 
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not reaching PA,*: coronal suture short, about one third of the length of antennomere IV; nasalc 
with six large teeth, the two and two :nr,er teeth slightly less spaced {Fig. 24), mandibles with one- 
longer and with two or three shorter secondary setae (Fig. 26); antennomere 1 bearing one. rarely 
two short secondary setae, aulcnnomcre II with two secondary setae; labial palpomcre I without 
secondary seta; width of head capsule 1.03 1.18 (aver. 1.12, n=5) mm. Thorax: femora with 3 
spinilonn secondary setae. Abdomen: terga I-1V with TE„ long, nearly as long as TF. I0 (Fig. 29); 
urogomphi slightly shorter than or about as long as the width of lerguin IX, with 9 long setae, UR« 
absent or minute (l ; ig. 30). 

SiiC OND ikstak. Head; antennomere I without secondary seta, antennomere 11 with one secondary 
seta; width of head capsule 0.76-0.84 (aver. 0.80, n=6) mm. Thorax: femora with two spinilonn 
secondary setae. Abdomen: TE„ about one third of T£, 0 length. 



Figs 21-30. Ainun i IA.) proximo Putzeys. 21: cephalic capsule of L : , 22: cephalic capsule of Lj. 23: nasalc of L.. 
24; runic of I.,. 25: mandible of L„ 26 mandible of Li, 27: nrHenna-rcics MI ofL„ 2S: abd. I erg am IV ol'L ; , 2t>: 
ubd l«guin IV of Li, 30: tergum IX and urogomphus of L» Scales = 0.2 mm. 
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First insiak. Head: index width/1 ength = 1.30-1.35; cervical grooves nearly reaching PA,j venirally; 
egg bursters forming a ridge composed of very small blunt teeth, more spaced proximad, not even 
twice as long as PA*, but reaching over FR, (Fig. 21); coronal suture only about one fourth of the 
antennomere IV length; width of head capsule 0.53 0.57 (aver. 0.55, n=7). Abdomen: tergal setae of 
the postenor row about four tunes as long as setae of the anterior row 1 (Fig. 28); urogomphi 1.1—1.2 
times as long as width of tergum IX. 

Differential diagnosis of the suhgenus Amara Bonclli, 1810 

The recent knowledge (Amd: 1991, Lull' 1993) and our new data enable to determine the differential 
diagnosis of the subgenus Amara in the larval stage as follows. 

Nasale with 6 large teeth in die upper row; egg bursters forming two subparallel keels composed 
of very small blunt teeth; retinaculum at about middle of mandible: cervical grooves on dorsal and 
ventral surface of head capsule, ventrally extending almost to the seta PA,,; coronal suture distinct, 
about as long as or longer than diameter of antennomere IV; labial palpomere 1 without secondary- 
setae. Abdominal sremitc IX without median setae except those of the posterior row ; urogomphi 
with 6 to 10 long setae. 


DEVELOPMENT AND BREEDING TYPE 
Amara (A.)famelica 

RhAKiMU. Four pairs were kept in two containers from May 8 to November 15, 1990 (food: oat 
flakes+pieces o IT molitor larvae, natural light conditions, m. t. 20.7 °C, min. 12 °C, max. 25 J C); no 
eggs have been laid After hibernation 2M. 2F and 1M, IF were kept from March L5 to June 17 
under similar conditions us in 1990. Eighty-three eggs or larvae have been found ui containers from 
April 2 to May 20 (mean fertility pro female = 28 eggs). Three types of diet were offered to the 
larvae, oal flakes, oat flakcs+7" molitor larvae, T. molitor larvae. Table ! shows the influence of 
various diets upon the developmental time of the larval stage, table 2 shows the influence of food 
rype upon the mortality in the larval and pupal stages. All three types of diet enable emergence of 
adults. There are no significant differences in the developmental time spent m larval and pupal 
stages, influenced by The offered food type. Nevertheless, both stages lasted the shortest time by 
the mixed diet of larvae. In average all three larval instars developed 37 days by in. 1 . 18.2 °C (min. 
28. max. 5 1 ), the thud instar more than twice as long as the first and/or second instar; the pupal stage 
lasted in average I I clays (min. 9, max. 12) by m. t. 19.1 a C. On the other hand, the significantly 
lowest mortality show the larvae on mixed vegetable+insect diet (Tab. 2). The third instar larvae 
present the highest mortality on all food types. 

Amara farnelica belongs to the species without larval dormancy, with the ear ly spring propaga¬ 
tion. 


Amara {A.) littorea 

Rharimg. Was not very successful. In 1993 (2M, 4F kept from April 29), in 1994 (2M, 4F kept from 
March 14) and in 1996 (1M. IF kept from April 24) no eggs were laid (found; in the laboratory. In 
1995 only 21., were found on May 5 from IM, 3F, kept from April 25 to July 13. In 1997 4M, 2F were 
found in Praha Radotin and kept from April 3 to June 16 in the laboratory at m. t. 20 °C (min.!.» *C, 
max. 25 °C)and under natural light conditions; food of adults: pieces of T. molitor lurvue-oalflakes, 
food of larvae: pieces of T. molitor larvae. Six L< and five L 2 w-ere found from April 28 to May 
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Tab. t. Amara fanelua Zimmermann developmental lime (in days) ui relation lo the larval diet 


Amora famehca 

Diet 

n 

mean remp 

mcar. time 

SD 

mtn 

max. 

First instar 

OF 

6 

17.7 

? 166 

+ 1 329 

6 

E0 


OF+TM 

15 

18.6 

6 533 

+ 0 639 

6 

8 


TM 

1 1 

17.6 

7 01M) 

± 1.183 

6 

9 

Second itulur 

OF 

13 


WmM 

+ 1.527 

7 

12 


OF'TM 

16 

iHtSfl 


± 1.897 

4 

1 1 


TM 

18 

■wa 

mmm 

+ 0.985 

7 

10 

Third instar 

OF 

6 

18 2 

19 £33 

i 2 401 

16 

23 


OF+TM 

9 

17 9 

21.335 

a 3 354 

1 5 

25 


TM 

1 

18.9 

20 42S 

* 7.849 

1 5 

36 

Pupal stage 

OF 

5 

IV 0 

11 200 

a 1.095 

10 

12 


OF*TM 

8 

18.9 

11.000 

± 0 755 

10 

12 


TM 

6 

19 4 

11.166 

* 1 169 

9 

1 2 

All JarvaJ ms tars 

OF 

3 

18.1 

90.333 

1 ) 154 

39 

41 


OF+TM 

9 

18.0 

36.222 

l 4 381 

30 

43 


TM 

6 

18 6 

36 500 

* 8 826 

28 

5 1 


OF - oar flake;. TM - Tenebno molitur larvae 


5. The development of IL, lasted 7 days at m.t. 21.4 °C (min. 18 °C, max. 23 °C). Three L, developed 
6.9 and 9 days at m.t. 21.4 °C(min. 17 °C,max.24 °C). All L 3 were fixed for the taxonomic descrip¬ 
tion. 

Amaru littorea belongs to the species without larval dormancy and with early spring propaga¬ 
tion in its annual cycle. 


Amaru ( A .) proximo 

kkAtfrxo. Pour pairs were kepi in fourcontainers from April IS to June 19. 1995 in laboratory (food: 
out flakes-pieces of T mohlor larvae; natural pbotoperiod, m.t. 21 °C, min. 17 °C, max. 25 °C). 
Sixty-two eggs and/or first instar larvae were found from April 2d to May 15, fertility' of separate 
females: 2,15,29.16 eggs; (some) females luid probably eggs in ihe field, before their transfer tn the 
laboratory'. Larvae were feed only on uisect diet (71 molitor larvae) and their mortality was consi¬ 
derable (Tab. 4): from the 20 first instar larvae only 2 males finished their development (mortality 
90%). Both larval and pupal stage have a short developmental time (Tab. 3). Third larval instar 
developed, as a rule, more than twice as long as the first and/or the second instar. Development of 
two males lasted (without the egg stage) 39 and 48 days (in. t. 21.5 °C). 

Amcuxiproximo developes without larval dormancy, with Ihe early spring propagation. 


Tal» 2 Amora famehca Zimsncrmann mortality in relation to the larval diet 


Diet 

First instar 

n 

Second instar 
n of dead spec. 

Third instar 
n ol dead spec 

Pupal stage 
n of dead spec. 

Adult stage 
n 

Mortality rate 

OF 

1 1 

1 

4 

1 

5 

54.5 e /o 

OF-TM 

12 

0 

3 

1 

8 

33 3 % 

TM 

13 

1 

5 

1 

6 

53 8 % 


OF ~ oal flakes, TM - Tenebno molitor larvae 
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Tab 3 Amara prouma Pui/cy* developmental lime (in days) 


A proximo 

n 

mean temperature mean tunc 


SD 

min 

max. 

First instur 

14 

211 

(i 786 

■* 

0.893 

6 

9 

Second inslnr 

22 

21.0 

* 136 

4 

1 207 

7 

10 

Third instar 

6 

22.1 

17.833 

A 

2 639 

14 

21 

Pupa! stage 

2 

21.3 


A 

0 000 

10 

10 

I., Adult stage 

2 

21 5 

43.5 

A 

6 363 

39 

4Jt 


Discussion 

2t is commonly assumed, Amara larvae arc probably primarily carnivorous (Luff 1993). Burakowski 
(3967) gives an account of the predatory diet in larvae of A. makolskii ( A. pseuducommunis 
llurakowski. 1957 ) in both field and laboratory conditions, despite the primarily phytophagous 
habit of the adults of the same species. Burakowski even supposes thephenological correlation of 
sexual activity of A mukokhiv/ixh the ripening and falling of birch seeds in late summer. 

On (lie other hand, Braeht Jorgensen & Toft (1997) experimentally proved that Amara similata 
Gyllenhal, 1X10 is primarily granivorous throughout the whole lifecycle. Seeds as food were found 
to be of high value and insects of low value both fur adults and larvae. The larval feeding experi¬ 
ment shows that the larvae are even more dependent on a seed diet than are adults. Lar vae cannot 
survive on a pure insect dier. Few of die larvae on rhe mixed insect diets ( Tenebno larvae, Dro¬ 
sophila larvae, aphids) survived the first two instars, and all died before the pupal stage. The aphids 
were even worse as food. None of the larvae of these diets survived the first instar. 

In our laboratory stoics the mixed vegetable (oat flakes} and insect ( Tenebno larvae) diet was 
offered to th t Amara adults. All three reared species laidcggson this diet. If the rate of egg laying 
is taken as a measure of the value on the diet, then for A httorect the offered diet was of the lowest 
value. Lai vae and pupae of both A fameltca and A. proximo were able to survive on a pure insect 
diet, but in A proximal high mortality occurred .A.fameiica larvae and pupae were able, besides 
on a pure insect diet, to develope also on a pure vegetable and a mixed vegeiable+inseel diet 
Nevertheless, the shortest developmental time and the lowest mortality were found on the mixed 
diet. 

ft seems probable then the different species oi'Amara, even of the subgenus Amara, evolved the 
various diet strategy. It enables them to employ diverse food sources of the same habitat. 
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Tab 4 Mortality of 20 Amara proximo Putzcys fist iiistar larvae 


Dice 

First tnstar 
n 

Second ir.star Third ins tar 
n of dead spec, n of dead spec 

Pupal stage 
ri of dead spec 

Adult stage 
n 

Moruiluy rale 

TM 

6 

2 6 

•1 

2 

90 % 


TM = Tenebno mohlor larvae 
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Abstract OrtJivchiroides gen n. (type species O vachorn »p. n.) is related to Baloorihochirus Kovafik. 
1996. and Pakistaitorthochirus Lourcn<o, 1997, Irom Pakistan; Birulatus Vachon, 1974, from Jordan, 
Rulhe-alus Simon, 1882, from Arabia; Of/roc hms Karsch, 1892, from north Afriku and Arabia to India; 
and Pumorthothirus Liturcn^u A Vachon, 1995, from Iran. It differs from the above genera in having SIX 
pronounced keels on the tibia of pcdtpelps aad lacking trichobothnum d 2 of pedipalp femur on dorsal 
surface, bet usually retaining it os an interna! mehobotnum Somaheharmus gen. n (type species S 
whiimamit sp. n.) is related to Rutheoloida Hirst, 1925, from Africa; Charmus Kursch, 1879, from India 
and Sn I as nka. MicnnJuunua Louren^i. 1995. from Madagascar, and Ihaicharmus Kovafik, 1995, from 
Thailand. It differs from the above genera in having (he fingers shorter than the man us Svmahbuthus gen. 
o. (type species S demist sp n ) is related to Hemibuthns Pocock. 1900, from India; Jsometroides 
Keyscrling, 1885. from Australia; and Psamrnobutltus Birula, 1911, from Tadzhikistan and Uzbekistan. It 
differs from the above genera in having keels on the carapace and three keels on the first through! sixth 
rncsosomid segments. 

Taxonomy, key, faunixtics, descriptions, new genera, new species, Scorpiones, ftulhidac. 
Grthochinridcs vachoni gen. pi sp. n M Soma/ieMarmus tvhiimanae gen. et sp. n.. Somatibuthus demisi 
gen. el sp. n.. Afrstropic region 


Designation of the basic Inchobothrial pattern (alia and beta configurations) IS according to Sissom (1990). 


Onhoihiroides gen. n. 

(Figsl-S, 16-20, Tables 1-2) 

Tvpf srrr*s Orthochiroulrjt vachoni sp n. 

Etymciiajhy. Denotes alTinity lo the genus Orthochirus\ masculinum in gender. This name was 
formed, but never published, by Max Vaclion (see below). 

Diagnosis. The basic trichohothnal paltem is beta (Fig. 16 and Sissom 1990:70, ftg. 3 .3); the third 
and fouitli legs have well developed tibia! spurs; pectines bear fulcra (Sissom 1990; 92, fig. 3.17D); 
the dentate margin of pedipalp-chela movable finger has granules distinct, divided into rows, and 
spanning the length of the finger (Fig. 20); in lateral view, the carapace is inclined downward from 
the median eyes to the anterior margin (Sissom 1990; 92, fig. 3.17F). 

This complex of characters is exhibited only by Ihe genera Ualoorthoehirus Kovafik'. 1996 and 
Pakixuinorlhochirus Lourenco, 1997 from Pakistan ,Birulalus Vachon, 1974 from Jordan, Euthe.o- 
lus Simon, 1882 from Arabia, Onhochirus Karsch, 1892 from north Africa and Arabia to India, and 
Paraonhochirvs Louren?o Sc. Vachon. 1995 from Iran. See Kovafik 1996; 177: Lourenyo 1997: 154; 
Vachon 1974; 949; Simon 1882:248; Karsch 1892: 306; I.ouren?o & Vachon 1995:299. 

OnhncMrtndes gen. n. is also characierized by the number and distribution of trichobothria on 
the pedipalps (Figs 16-19), seven to nhie cutting edges on the movable fingers of pedipalps (Fig. 



Table I Measurements in millink.-tur't of Snmtiltchan/im wfulmanat? gen ct ap. n . Orlhtn:hiroides vach l,fl 1 yen 
cl sp a., and Somalibuihus demur gen. e> sp. n. 




Oitfwchumdei 

Orthochitoides 

Somaluharmui 

Somahhuthiu 



vac lum t sp n 

vaelwnt sp. n 

whilmanae sp n. 

demist sp. n. 



male holntypc 

female allotype 

male hololypc 

female holyiype 

Total 

length 

28.1 

34 0 

22.3 

29 5 

Cnrapaco 

length 

3.1 

3 a 

2.8 

3.0 


width 

3.2 

5.1 

3.2 

3.3 

Metasoma 

length 

J 7.0 

19.6 

12 7 

19.4 

segment 1 

length 

1.9 

24 

1.7 

2.4 


width 

2.3 

34 

2.0 

2.2 

segment II 

length 

2.3 

2 6 

1.9 

2.7 


width 

2.9 

3.-1 

2.0 

1.9 

segment III 

length 

2.5 

2 9 

2.0 

2.9 


width 

3 0 

3.5 

2.0 

1.8 

Segment JV 

length 

3.0 

3.4 

2.1 

3.5 


width 

3 1 

3.6 

2.0 

1.8 

segment V 

length 

3.6 

4.1 

2.3 

3.8 


width 

3.0 

3.6 

20 

1.8 

telson 

length 

3.2 

4.1 

2.3 

3.7 

Fcdipalp 

femur 

length 

2 1 

2.3 

18 

2.5 


width 

0.9 

1.0 

0.9 

0.9 

natclld 

length 

2.9 

3 5 

2.3 

3.3 


width 

1.3 

1 5 

II 

l.l 

tibia 

leiiglh 

4 O 

4 5 

3.8 

4.4 


widtci 

0 9 

1.3 

IS 

0.9 


height 

1.0 

1 3 

1.7 

0.9 

linger raov. 

length 

2.7 

3 0 

19 

2.7 

Pcchnal teeth 

20 20 

1716 

11:12 

23-23 


2U), presence of tour pairs of lateral eyes, shape of telson (.Figs 1-3). mesosomn with one dorsal and 
four ventral keels, six pronounced keels on the tibia of pedipalps (Figs 18 and 19), dense granulation 
of nearly the entire body, and other features included in the cescnption of Orthochi roidcs vachoni 
sp. n. below. 

Affinities. Orthochiroidcs gen. n. :s easily recognized by the presence of six pronounced keels on 
the tibia of pedipalps. From the genera Orthochirus , Paraorthachirus , Baloorthochirus, and 
Pakislunorihoehirus it also dilTcrs in shape of the telson, winch is highly inflated (Fig. I). The 
genera Orthochirus and J’araorthochirus, which have the fifth metasoma I segment punctate, are 
distinguished by a very different type of this ornament which, moreover, is the same in males and 
females (see description of Orthochiroides vachoni sp. n. and Figs 1-6). 

The inclusion in Si.ssom’s (1990: 97) key to genera of the family Buthidae, after adding Balo- 
orthochirus , Pakis la northochirus , and Puraorthochirus described ui 1995 97. is as follows: 

Carapace tr lateral view with a distinct downward siopc from median eyes to anterior margin (Sissom 1 WO 92, Jig 
3 17F). 

f First amt second mctasuinal segments willuml keels . Birulatus Vachcn 

Firs! amt second mctusomal segments witli keels.... 2 

2 Tibia i»t pedipalps with pronounced keels (Figs IS and 19). .. . 3 

- Tibia of psdipalps without keels or with feebly marked, inconspicuous keels. 4 
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3. 

4. 

5. 


6 . 


7 


THclioboChrium il? of pedipalp femur absent on dorsal surface bur usually present as internal tnchobotruxi 

(Fig Ift) . ... Orthtnhtroidc.i gCn. n. 

Tnchobothnum *12 Of pedipalp femur present on dorsal surface . .. .,. Buiheolus Simon 

Fifth mctasomal segment punctate (Fig. 6) ...5 

Fifth mctasomal segment granulate . 6 

Tndiobolhnum «12 of pedipalp femur absent on dorsal surface bur usually present as internal trichohotrmm 

(Fig lb) ... Orthochint* Karscb 

Trichobothrtum d2 of pedipalp femur present on dorsal surface (Lourvn?o & Vuchor. 1995. 302 fig 10 and 

303 fig. lb) . Paraorthochtrut Lourenpo At Vachon 

Vesicle of tclso.o narrow and smooth Tnchcbolhrium d2 of pedipalp fetnor absent on dorsal surface but 

present as internal Irichobotrium (Fig. 16) . 7 

Vesicle o! tclson inflate, ginnululc, often with ludmicntal subaculcar tubercle (Vachon 1980 254 phincbc R). 

Tricboto’.hriuili d2 Of pedipalp lemur present on dorsal surface... Burhtolur Simon 

Movable fingers of pcdipalps with nine rows of granules . Baloonhocbirvs Kovafik 

Movable fingers of pcdipalps with six rows of granules. Pakntannonhochinu Lourenpo & Vachon 


Orthochiroides vachoni sp. n. 

(Figs 1-5,16 20, Tables 1 2) 

Typr vaifriai Somalia, Sar Uanlc, about 20 km South from Chisimato, 00 J 29’4$"S - 42°25 , Jl)’T. (for locality 
details see Messana el al. 1977 and Vanim ct al 1977), 18 males (holotypc [MZUF No 533] and paratypes Nos I 
-17 [MZUF No 536)), II females (allotype (MZUF No 537) and paratypes Nos 18-2? |MZUF No 538)). 9 
juveniles (paratypes Nos 28-36) [MZUF No 539) All type specimens preserved in alcohol Holotypc. allotype, 
and paratypes Nos 1-9, 20-29, 31-35 arc deposited in the Musco Zoologico dc "La Specula", Firenze. Italy, 






Figs I 6 (1-5.) O/ihtuhitoides tinhorn gen ct sp n. (1-3.) Mctasoina Fig I Male holotypc. Fig 2 Female 
allotype Fig 3 Juvenile j»ei«iy|Hi No 28. (4 6.) fifth metasoma! segment, ventral view (details I mm')- Fig. 4. 
Male holotypc Ftg 5. Female r.liolypc. Fig. 6. Onhoiinrux scrtAtuuIosus (Grubc. 1873), female frnm Turkmeni¬ 
stan, Repetek. 
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paratype No 10 in tbc Rrimh Museum (Natural History). London. England, paratype No 12 in the Musdum 
National d'Histoirc Naturdlc, Pans, France, paratype No. 17 in the Department of Invertebrate Zoology Na¬ 
tional Museum (Natural History), Prague, C/ech Republic, paratype No 16 in the Foischungsin&lilut und Natur- 
II US sum Scnckcnbtirg. Frankfurt nm Main, Germany, paratype No 15 in the Museum Air Naterkunde der Hiim- 
boldt-L'nivcrsitat zu Berlin, Germany, paratype No 13 m the Zoologisches Iastilut ur.d Zuulogischcs Museum, 
UnivcrsitAt Hamburg, and paratype* Nos II. 14. 18, 19. 30. and 36 in the author's collection 

Type locality. Somalia. SarUart/e. about 20 km south ofChisimaio, 00°29*48”S- 42 C 25’30'’E. 

Etymology. Named after the French arachnologist Max Vachon. who in 1976 examined all 38 
specimens (No. VA 1405), separated them into males, females, and juveniles, and enclosed the label 
"Orthochiroides gen. nov." 

Diagnosis. The total length is 28 .1 mm in the male holotype and 34.0 mm in the female allotype. The 
inelasomu is shown in Figs 1-5. Measurements of the carapace, leisort, segments of the metasoma 
and of the pedipalps. and numbers of pectmal teeth are given in Table 1. Pectmal teeth number 17 
-20 in males and 14—18 in females (Tab. 2). 

The color is uniformly brown to black. The manus of pedipalps is brown and lingers, tibia, and 
tarsomercs of legs are yellow to yellowish brown. The entire metasoma is black, only the telson may 
be dark brown. 

The pedipalps except tibia, carapace, mesosoma, coxae, and legs of adult specimens are densely 
covered by large granules of approximately equal size. The posterior margins of mesosoma) seg¬ 
ments dorsalfy terminate in granules which overlap the margins, especially in males. 

The mesosoma has one poorly defined median keel on the dorsal side and four keels on the 
ventral side. The four ventral keels are most pronounced on the sixth and seventh segments. 

The femur of pedipalps {Fig. 16) has five keels, the patella has seven keels (Fig. 17), and the tibia 
has six keels (Figs 18 and 19). All keels are pronounced in both sexes as well as in juveniles. For the 
position and distribution of tnchobothria on the pedipalps see Figs 16-19. Trichobothnum d] on 
the tibia of pedipalps (Fig. 17) is poorly discernible and often absent. Trichobothrium Eb3 on the 
manus is shifted to ventral side (Figs 18 and 19). The movable fingers of pedipalps bear seven (Fig. 
20) to nine rows of granules, most frequently eight; similarly to Orthochirus, variability is rather 
high in this regard. The proximal row of granules may have zero to two external and interna? 
granules. 

The first and second mctasomal segments bear 10 keels. On the third metasomal segment of males 
the keels are poorly indicated, and on the fourth and fifth segments there are only dorsal keels or 
their edges, which are rounded in females. In contrast to adults, the First four metasomal segments 
of juveniles bear 10 pronounced keels, and the fifth segment bears a ventral median keel and 
pronounced ventrolateral keels that terminate in several large granules, like in Baloorthochirus 

The first and second metasomal segments of males are granulated, and the third and fourth 
segments bear a granular network. The fifth metasomal segment is punctate (except for the dorsal 


Table 2 Number of pccunut teeth in Orthochiroules vackom gen. ct sp. Each jxeten is regarded as a unit Where 
both peelers arc complete, they arc counted twice In contrast, pcctcns which arc obviously abnormal or incom¬ 
plete arc not induced 





number of teeth in 

pcctcn 



number of 
specimens 


14 

15 

16 

17 

18 

19 

20 


males 


- 

- 

3 

15 

13 

5 

18 

females 

1 

4 

8 

7 

2 

- 

- 

1 1 

juveniles 


- 

2 

6 

8 

2 


9 
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surface), but the punctae are larger than in Orlhochirus and take much more of the surface area 
than the spaces separating them (Figs 1 and 4). Females have the first metasoma! segment granula¬ 
ted, the second segment bears a granular network, and the third to fifth segments are punctate (Fig. 
2). The punctac on the fifth segment arc more rounded in females (Fig. 5) than in males (Fig. 4) and 
the surfaces separating them ore smooth. In juveniles the first to fourth metasoma] segments are 
granulated, the fifth segment bears a granular network, and only there Ison of both sexes is punctate 
(Figs 1-3), with snaccs separating the punctac always taking more surface area of the telson (Figs 

1 3). 

Affinities See generic affinities. 

Discussion. The large type series permits to discern a surprising variability and sexual dimorphism. 

Similarly 4 to Orlhochirus (Kovafik 1996: 181), variability is pronounced in the number of rows of 
granules oil movable fingers (7-9) and (he presence and number of external and internal granules at 
die proximal row (0-2). 

Most surprising, however is the variation m the number of keels and punctate or granulate 
sculpture on the melasomal segments of both sexes and juveniles (Figs 1-3). Mu3es have the third 



Fig* 7 2U. (7 X) iHimalUwhn Jimisi gen ci sp n (l*olo<ypc). Fig. 7 Tibia, dorsal and external views Fig 8 
Movable linger 19-13 ) Swnaluhnrmus whitmanae gen. d sp n , holotypc. Fig 9 Fourlli and fifth nietasomal 
segments nnd lulson Fig ]0 Femur, dorsal view Fig II Patella. external view Fig 12. Patella, dorsal vkw Fig 
13 Tibia, dorsal and external views Fig. 14 Tibia, ventral view Fig IS Movable finger (16 20) Qrthockmndeg 
vachom gen ct sp n. Iiolotypc Fig 16. Femur, dorsal view Fig 17 Patella, dorsal view Fig. !8. Tibia, dorsal und 
external views Fig. 19 Tihi.i, ventral view. Fig 20. Movable finger 
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lo fifth me*-asom.al segments without keels, in females the keels on the third and fourth metasomal 
segments are poorly indicated, and juveniles before the last eedysis (before adulthood) have 10 
pronounced keels on the third end fourth metasomal segments and conspicuous ventrolateral keels 
on the fifth metasomal segment. Furthermore, punctate sculpture is absent in juveniles, although 
this character is commonly used to differentiate genera (see the key above). For instance in both 
sexes as well as juveniles of Orthochirus the fifth metasomal segment always is clearly punctate. 

This surprising variability must be taken into account when dealing with the group of genera 
included m the key and when describing new species and genera. 

The genus Afghanarthachirus Lourengo & Vachon (1997: 330) is not included in the above key. 
because I fail to see how it is supposed to differ from the genus Orthochirus. 

Somalicharmus gen. !1. 

(Figs 9-15. Table 1) 

Tvff. *PF.nF.s Samalichanniu v/humanae sp n 

F.tymoukiy. Denotes affinity to the genus Churmus and the geographic distribution; masculinuni 
in gender. 

Diagnosis. The basic Irichobothrial pattern is alfa (Fig. 10 and Sissom 1990: 70, fig. 3.3), the third 
and fourth legs have well developed tibial spurs, the sternum is subpentagonal, and the pedipalp 
mantis has 3 F,b trichoboihria on the palm (Fig. 13). This complex of characters is exhibited only by 
the genera Buthcoloidcs Hirst, 1925 front Africa, Charmus Karsch, 1879 from Lidta and Sri Lanka, 
Microcharmus I .ourengo. 1995 from Madagascar, and Thai charmus Kovafik. 1995 from Thailand. 
SccHirst 1925:414, Karsch, 1879:104;Lourenco 1995:98; Kovafik, 1995:195. 

Somalicharmus gen. n is also characterized by the number and distribution of trichebothria on 
the pedipalpsfFigs 10-14), short movable and fixed fingers of pedipalps (Figs 13-1S and Tab. 1), 
wide manus (Figs 13-14 and Tab. 1), pectines with fulcra, three pairs of lateral eyes, and nine cutting 
edges on the movable fingers of pedipalps (Fig. 15). Other characters are given in the description of 
Somalicharmus whitmanac sp. n. below. 

Affinities. Inclusion in Sissom’s (1990:94) key to genera of the family Butbidae, with the genera 
Thaicharmus and Microcharmus described in 1995 added, is as follows: 

Pedipalp chela with 3 Sb tr.chobolhna on palm: 

l Movable finger of pedipalps longer than manus ...2 

- Movable finger of pedipalps shorter than manus (Figs 13 and 15) . Somaitcharnuis gen n. 

2. Tclson with distinct subaculcsr tubercle.3 

- Tclson locking subaculcar tubercle. . 4 

3. Cutting edges on movable fingers of pedipalps number nine (including apical row) . tiutheolotdes Hirst 

- Cubing odges on movable fingers of pedipalps number 12 (including apical new).. . Thaicharmus Kovafik 

4. Pcctincs with fulcra. Charmus Karsch 

- Pcctincs without fulcra. ... Microcharmus Louicngo 

Apart from the character given in the key, Somalicharmus gen. n. differs from the other included 
genera in number and distribution of trichobothria on the pedipalps (Figs 10-14 and figs 7-11 in 
Kovafik 1995: 191), pectines with fulcra, three pairs of lateral eyes, nine cutting edges on the 
movable fingers of pedipalps (Fig. 15), and other features included in the description of Somali¬ 
charmus whitmanae sp. n. below. 

From Charmus and Microcharmus it also differs in the presence of a subaculear tooth, which is 
wider than in Thaicharmus and Butheoloides. Furthermore, the telson is partly covered by con¬ 
spicuous, pointed granules (Fig. 9). 




Sum a) J charm us whitma/wesp. u. 

(Figs 9-15, Tabic 1) 

Tv it material. ilolotypc - a male preserved in alcohol, labeled "Somalia, El Mcli" and deposited in the Masco 
Zoolopico dc ”l.a Spccola", Firenrc. Italy fMZUF No. 534] This specimen was revised in 1983 by Max Vachon 
under hi* number VA 95(i. and marked by him as "gen r,.". 

TYPF.LncAi.rry. Somalia. El Men. 

Etymology. Named after Sarah Whitman, curator at the Museo Zoologico dc ”Lu Specola”, Firenze. 
Italy. 

Diagnosis. The length of the holotypc is 22.3 imn. Measurements of the carapace, telson, segments 
of metasoma and segments of pedipalps. and numbers of pectinal teeth are given in Table 1. Pec thud 
teeth number 1 1 and 12. For the position and distribution of trichobothria on ihe pedipalps sec Figs 
10 14. Trschobothrium esb on the tibia ts smaller than other trichobothria (Fig. 13). 



Fig, 21. Somelilntihus demist gen. cl sp n. (hylotype). HorsaJ view 
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The color is uniformly yellowish brown, only the proximity of the median and lateral eyes is 
black. However, due to The length of preservation in alcohol it is necessary to presume some 
alteration of the original color. 

The entire femur and patella of pediprJps are covered with fine granules. Keels are inconspicu¬ 
ous. composed of but a few somewhat larger granules. The interna! surfaces of femur and patella 
bear two to four conspicuous granules on lateral keels. The tibia of pcdipalps lacks keels and is 
rounded and nearly smooth, with but a few isolated granules chiefly on the internal surface. The 
tibia is taller than w ide (Figs 13-14 and Tab. 1). 

The carapace lacks keels and its entire surface is evenly granulated. The median eyes are situated 
only 0,8 mm from the anterior margin. A deep median trough runs from them to the posterior margin. 

The mesosoina is also covered with fine granules and lacks keels except for a barely discernible 
median keel which is indicated hy more closely packed granules. The seventh mesosomal segment 
bears three large but low elevations which cover nearly the entire dorsal surface. The ventral 
surfaces of mesosomal segments are smooth, without keels and granules. The pectincs bear fulcra. 

The legs arc less granulated, and the third and fourth legs have well developed, long tibial spurs. 

All rnetasomal segments are granulated. The ventral sides of the first through third segments 
bear four keels, of which the outer ones posteriorly converge and at the hind margin of each 
segment connect to form the letter "u". The inner keels remain parallel and are less pronounced, 
being composed of isolated granules. The ventral and lateral sides of the fourth and fifth segments 
arc granulated, rounded, and without keels. The dorsal surface of all rnetasomal segments bears a 
median trough and two lateral keels composed of several large, mutually distant granules whose 
si/c increases with each consecutive segment, i. e. they arc the smallest on the first segment and the 
largest on the firth, where trie keels arc composed of 12 to 15 granules (Fig. 9). 

The tclson is highly inflated, nearly spherical, with a minute subaculear tubercle. Its ventral 
surface is densely hirsute and covered with pronounced, pointed, dark-brown to black granules 
(Fig. 9). 

Affinities. See generic affinities. 


Somalihuthus yen. n. 

(Figs 7-8,21, Table 1) 

Tvrt sm-LS Somahbuihusi denust sp. n. 

P.TYMoiOUV. Denotes affinity to the genus Buthus and geographic distribution; masculinum in 
gender. 

Diagnosis The basic Irichobothrial pattern is beta (Mg. 16 and Sissom 1990:70, fig. 3.3); the third 
arid fourth legs have well developed tibial spurs; the pectines bear fulcra (Sissom 1990: 92, fig. 
3.17D); the dentate margin of pedipalp-chela movable finger bears distinct granules divided into 
row s and spanning ’.he length of the finger (Fig. 8); the entire dorsal surface of the carapace is 
nearly horizontal in lateral view; the chehceral fixed finger has a single ventral denticle; and the 
tclson lacks a subaculear tubercle (Fig. 2 1). 

This complex of characters is ex hi b: ted only by the genera, Hcmibuthus Pocock, 1900 from India, 
Isometroides Keyserhng, 1885 from Australia, and Psammnhuthus Riw\n, 1911 from Tadzhikistan 

and Uzbekistan. See Pocock 1900:34, Keyserling 1885: 16, Birulu 1911:69. 

Somalihuthus gen. n. is also characterized by the number and distribution of tnchobothria on 
the tibia of pcdipalps (Fig. 7); eight rows of granules on the movable fingers of pcdipalps, which are 
not slanted and form an interrupted line (Fig. 8); three pairs of lateral eyes; the shape of telson (Fig. 
21); the first throught sixth mesosomal segments with three dorsal keels (Fig. 21) and the seventh 
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mesosomal segment with five dorsal keels; and other features included in the description of Soma- 
libuthta demist sp n. below. The carapace l>cars an anterior median keel and central lateral keels 
(Fig. 21). and sometimes also well developed posterior lateral keels. 

Afhnidrs. Inclusion in Sissnm's (1990:97) key to genera of the family Buthidae is as follows: 


Telson until mbcrclc either very subtile or absent: 

I. Carapace with keels... 2 

Carapace without keels .. ... ... 3 

2 First thivupht sis lb nrCSosonrai i-Ogincnts «v»th .1 single keel.. Ijwnefrvtdcs Keyscrling 

Fust Ihionghl sixili mcsosomal segment, with three keels . Somahbuthus gen. n 

3. Tibiae and tarsi of first through third legs with bristkcombs along rcirolatcral margins. . 

. ... Paammobnthus Birula 

- Tibiae and tarsi of first through third legs with sdae. but not anamgod as itbovc .. Hambuthus Fucock 


Somalibuthus demists p. n. 

(Figs 7-8,21. Table 1) 

Tyrt Matthau Somalia. Sar Uanle, about 20 km South from Clusimaio, 0iy29*48 ,, S - 42"25'30"F.. (Tor locality 
details see Messana ct at 1977 and Vanini ct al 1977). I female (holotypc) labeled "/Ono J. ora 9*' (see Mcssann 
ct at. 1977 111), Jti XI probably 1971. and 2 juveniles (paratypes Nos 1-2) labeled "zona 4. urn 24" and "zona 
c ord T (see Momma ct al 1977 15 £). 3) V.I973. All type specimens ore preserved m alcohol llolor.pe (MZIJF 
No 535J. and para type No 2 arc deposited m the Musco Zoologico dc "La Spccola”. FircnTC, Italy, and para type 
No 1 is m the author's collection. These specimens were revised in 1976 by Max Vachon under his numbers VA 
I *97 and VA 1399. and marked by him as "genre n ". 

Type uxjaljtv. Somalia, Sar Uanle, about 20 km south ofCbisimato, 00°29‘48”S -42®25’30°I*. 
Btymologv. Named after my friend. 

Diagnosis. The length is 29.5 mm in the female holotypc and 12.7 mm (without missing third 
through fifth metasomal segments and telson) and 15.4 mm in the juvenile paratypes Nos 3-2. 
Measurements of the carapace, telson, segments of metasoma and segments of pedipalps, and 
numbers of pectinal teeth are given in Table 1. There are 23 pectinal teeth in the holotypc and 21 
-22 in the paratypes. For the position and distribution oftrichobothria on the tibia of pedipalps see 
Fig. 7. 

The color is uniformly yellow to yellowish brown, only the closest proximity of the median and 
lateral eyes is black. 

The femur of pedipalps has four keels, and the patella has three keels confined to the internal 
surface. Other edges of the patella are rounded. The tibia of pedipalps lacks keels and is rounded 
and smooth 

The carapace has an anterior median keel and central lateral keels (holotype - Fig. 21), and the 
paratypes have also well developed posterior lateral keels. 

The first through sixth mesosomal segments bear three keels, with the outer keels of each seg¬ 
ment diverging outward. The seventh mcsosomal segment bears five dorsal keels (Fig. 21). The 
ventral surface of all mcsosomal segments ts smooth, without keels and granules. 

The thrrd and fourth legs have well developed tibial spurs. The tibia and even more so the 
tarsomeres of legs are covered with long hairs. Especially the inner sides of tarsomeres of the third 
and fourth legs are densely hirsute, but the hairs are shorter than the more spaced out hairs on the 
outer sides of these tarsomeres. 

All metasomal segments are sparsely granulated and bear conspicuous keels (Fig. 21). The first 
through: fourth segments have 10 keels, and the fifth segment has three keels only on die ventral 
surface. Other edges of the fifth segment are rounded. 
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The telsun is slender, smooth, and lacks a subaculear tooth or tubercle (1-ig 21) 
AniMTiES See genenc affinities 
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Abslracl Finbryomc devclopmenl of (he Mediterranean flour molh, Ephestia kuehniella Zeller. 1879 
displays teutuTcs typical of (he kpidopicran cmbryogcncsis with an immersed genn bane We have investigated 
embryonic lethality caused by sex-linked recessive lethal mutations (SLRLMs; namely sl-2, sl-i, si-6, sl-7, 
and si-55), induced in this molh earlier hy ethyl mclhanosulfonatc The ST RI.Ms manifested themselves 
mostly al (ate phases of cmbryogenCSis when fully formed female larvae without nuiiked structural defects 
died m die egg envelopes Late embryonic lethality was also found in sM, bu: the frequency of Jdhal embryos 
m this particular mutation. was lower than expected Most probably, a fraction of the si-4 females survived 
until a postembryome stage. Thus, sl-4 cannot be regarded a typical embryonic SLRLM No substantial 
differences in phenotype manifestation of lethality among individual SLRLMs were- found Defective formation 
of (he germ band, winch led to appCAlaixo of slender larvae, occurred in a traction of lethal eggs m the si¬ 
ft and sl-7 In sl-2. about half of the lethal embryos died before secretion of cuticulo and irgesUon of the 
remaining yolk while the other. died as fully formed larvae In si-15, fully developed larvae were formed, they 
detached from the chorion and coiled up so that their dead bodies were V-shaped. Recently, a balanced 
lethal strain arc heterozygous for two SLRLMs, sl*2 and si-15. The V-shaped larvae produced by the Latter 
mutation otc an excellent marker for verifying the genetic structure of the BL-2 strain 

fcrnbryo genesis, sex-linked recessive, lethal mutations, embryonic lethality, genetic pest control, Lepidoptera, 
Ephestia kuehniella 


INTRODUCTION 

Many lepidoplerans belong fo the most harmful insect pest in agriculture and forestry. That is why 
particular attention has been paid to developing autocidal methods for the supressions of iepidop- 
teran populations. Most autocidal methods currently available are based either on radiation-in¬ 
duced or naturally occurring sterility (for a review', see LaChancc 1985). Strunntkov (1975,1978, 
1979) proposed an alternative approach, suitable against species with VVZ-ZZ chromosome system 
of sex determination. His proposal is based on the release of males which are trans-heterozygous for 
two sex-linked recessive lethal mutations (SLRLMs). In the Institute of Entomology in £eske Bude- 
jovice. Strunnikov’s method has recently been developed in a model species, the Mediterranean 
flour moth (Ephestia kuehniella Zeller, 1879), which is well known as a cosmopolitan pest of stored 
products but less known as the former model organism in genetics (Robinson 1971, Caspar! & 
Gottlieb l975,Leibcnguth 1986). In the molh, a balanced lethal strain has been constructed (Marec 
1990.1991. Marec & Mirehi 1990); the strain, called BL-2, produces the trans-heterozygous males 
required for introducing lethal factors into wild populations (Marec et al. 1996). 

For field application of Strunnikov’s method, it is preferable to use such SLRLMs which manifest 
themselves during embryogenesis. Thus, already the number of hatched larvae, these being the 
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harmful stage, can be significantly reduced. During developing the 131-2 strain in E kuehnleifa, a 
total of 30 different SLRLMs were induced by the ethyl methanesulfonate and isolated using the 
sex-linked recessive mutation d z (..dunkles Zentralfeld". Kuhn 1939). The marker dz was also used 
for mapping the isolated SLRLMs (Marcc 1989, 1990, 1991). The aim of the present paper is to 
characterize five selected embryonic SLRLMs of£ kuehmella, and compare lethal embryos with 
normal developing ones. Two of the selected SLRLMs, sl-2 and si-15, have been used for construc¬ 
tion of die BL-2 strain (Marec 1991 ). The detailed studies of Sehl (1931) and Maschlankd (193S) on 
embryogenesis oft. kuehniella served us as basis for embryological evaluation. 

MATERIAL AND METHODS 


Insects 

The following SLRLMs were examined: sl-2. sl-4. sl-6.sl-7, and >1-15 (for detail characteristics, see Mans: 1990, 1991) 
Briefly, these mutations arc maintained in smplc-pair cultures by crosses between phcnoryptc&lly wild-type males and da 
females The male parents, which arc the homogametic sea with sex chromosomes 7.7.. arc heterozygous for a SI. RI -M, the 
oilier chromosome Z is murltcd with tho mutation da In progeny of ll>c crosses, lethal embryos occur in aboot 25% ut the cgs 
liud. icprescnlmga In-1 lot tlic female progeny hemizygouj tor the SLKLM. Consequently, the sex -ratio berween the male 
and female progeny is shilled to 2:1. I he specific lethality of the embryos m the SLRLMs was compared with normal 
cmhryomc development in the laboratory wild-type strain C (YVT-C: for its origin, see Marcc 5990;. 

Rearing 

Cultures were reared on milled wheat grains supplemented with a small amount ofdr.ed ycasi, at 25-27 C. 60 7(1% r h willi 
a I1’12 light rcgime. Details about the rearing method and insect handling arc giver hv Marcc (I99C) 

Preparations 

Mated females individually laid eggs in plastic Pctn-dishcs. For timing of the smglc-paif egg collcctims. tho females were 
placed into r,cw Pctr.-dishcs each fi hrs. At different intervals, eggs were removed from plastic surface of I'ctc citslws using 
metai needles and transferred mm fixative In each Sl.RLM line as well as in WT-C strain, a total of about SIX! eggs were 
examined, for fight microscopic (LM) preparations, eggs were fixod in die Huntfncr’s liAaft rc ( tO% fonrmldchyde.olfuinoJ. 
acetic acid, and distilled water al the ratio off>:16.l .30) Then their chonon was removed using fine tungsten needles aid 
dissocial embiyos ptocecded by usual histological procedures Atlcrwards 4-6 pm thick parapiasi sections were stalled with 
Mayer's hematoxylin. For scanning electron microscopic (SFM) preparations, eggs were fixed mall mixture of parafor¬ 
maldehyde and gJuta/iddchydc Dissected embryos were conscculively passed through 9fi% and I 009 • ethanol, left in otny- 
lacetatc fra 15 minutes, desiccated using the critieul point method with CO,, and coated with gold Preparations were ob- 
sciveri and photographed in a7eslu BS300 scanning electron microscope, operated al 9 K.V. 

RESULTS 

Cleavage divisions of a newly formed zygote lake place within the yolk mass soon after syngamy of 
male and female promiclei. When tnualecital cleavage is over, cleavage energids migrate into the 
periplasm, where they form a syncytial periblast. Some cleavage nuclei remain in the yolk as vitcl- 
lophagcs. When the division of the superficial nuclei ceases and the cellular membranes form, the 
syncytial periblast changes into the uniform cellular blastoderm. The embryonic primordhtm diffe¬ 
rentiates on die venlral s:de of die yolk mass as a wide trails versally orientated germ band. Colum¬ 
nar aggregated cells of germ band soon separate from the attenuated cells of extra-embryonic 
blastoderm. ITic wide embryonic primordium. extended across the ventral side of the yolk with his 
edges curling dorsally, is subsequently immersed in the yolk mass and extra-embryonic blastoderm 
gives rise to tne embryonic membranes. Then the germ band elognates forming a pair of head lobes 
at the anterior part and orientates longitudinally (Figs 1 and 2). Longitudinal growth of the germ 
band is connected with gastrulation and segmentation. The stomodaeum m vagi nates between the 
hear! lobes when ohignation begins, while irivagianion of the proctodaeum proceeds later. Hie 
head and thorax are orientated ventrally and the abdomen curves over the posterior pole and along 
the dorsal surface of the egg (Figs 2 and 3). Elongation is followed by subsequent shortening and 
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Figs 1-4. L.M micrographs of L kuehniella embryos (wild type), fixed in Hucuner fixative and rained with Moyer's 
hematoxylin Fig. I formation of the perm bunJ (GU) in the S hrs old embryo. Figs 2-3 elongation and 
segmentation ol the embryo in llie ape of 20 or 24 hrs. respectively ST. stomodacum. PR. procodacum: S. 
segments, big 4 shortening ol the embryo <F) anil beginning of organogenesis in llie age of IK hrs Y. volk 
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Figs ' K 1.M inuropraphs of r. karhnieUu embryos. fixed in Hueltner fixative and stained with Mayer's hema¬ 
toxylin. Figs 3 <> Revolution the embryo ami completion of ns development hi the ape of 72 or 7ft Ins. 
respectively (wild type), hg. 7 - u slender lurvu o' the letliul mtiUiUon \i-7. Fig. S u o' shaped Inrvu of the lethal 
mutation f 1-15 





Tabic I. Characterization of individual sex-linked recessive lethal mutations (SLRLMs) according to their embry¬ 
onic death "'Mean egg halchobility was calculated from previous experimental data on chractcri/ation of the 
SLRLMs (sec Table 4 in Marcc 1990. and Table 1 in Marcc 1991) 


SLRM 


Classification of unhatchcd eggs 


Mean egg hatchability*' 


Non-developing 

Occurrence of Larvae died before 

Fully formad 

No. of pairs 

M-t-SD 


eggs 

slender larvae 

ingestion of yolk 

larvae died 

n 

*/o 

sl -2 

( + ) 

_ 

++ 

++ 

16 

63.7+5.3 

sl-4 

(+) 

— 

- 

+++ 

14 

71.1*6.0 

sl-6 

(+> 

+ 

- 

♦++ 

19 

67.3*5.7 

sl-7 

+ 

H 

<♦) 

+++ 

16 

64.4*5.8 

si- 1 5 

(+) 

- 


++♦+ 

12 

64 *±2.6 

Control 

(+) 



(+) 

22 

85.2+7.1 


provisional dorsal closure of the embryo, accompanied by the beginning of organogenesis (Figs 4 
and 10). At this stage, the short and tubular embryo lies with his convex ventral surface free within 
the ainniotic cavity surrounded by a yolk-filled amnio-serosal space. Shortening of the embryo is 
followed by marked embryonic movements during which the embryo changes its position and 
orientation within the eggs (Figs 5,6, 11, 12, 13). Then the embryo grows further and reverses its 
curvature, with a convex dorsal surface (Fig. 14). The definitive dorsal closure arises from the 
spreading lateral strands of ectoderm The embryo increases further its length as the remaining yolk 
is swallowed. Late embryogenesis is followed by the secretion of the cuticle, and the tracheae are 
filled with gas. The embryo breaks the amnion and ingests the rest of yolk. After the completion of 
histodifferentiation and growth of the embryo, the cuticle is being pigmented and sclerotizcd. A 
fully grown larva, which occupies the whole egg space, hatches at 4 4.5 days (Fig. 15). 

Embryonic lethality 

Data on embryonic lethality and egg hatchability in the SLRLM lines as well as the WT-C 
control crosses are summarized in Table I. In single-pair cultures of the WT-C strain, approxi¬ 
mately 85% eggs hatched in average. A detailed analysis of eggs in the control sample revealed 
two types of unhatched eggs, both occurring at a relatively low frequency: non-developing eggs 
and eggs with fully formed dead larvae. The former were most probably non-fertilized eggs that 
were also found at similar frequencies in each SLRLM line examined. The latter represented a 
probably non-specific embryonic lethality that occurred in very late phases of embryogenesis. 

In egg collections the SLRLM lines, about 25% specific embryonic lethality was expected. 
Correspondingly, the mean hatchability of eggs was reduced. The SLRLMs manifested them¬ 
selves mostly at late phases of embryogenesis when fully formed female larvae without marked 
structural defects died in the egg envelopes. The late embryonic lethality was also found in the 
sl-4, however, the frequency of lethal embryos in this particular mutation was rather lower than 
the expected one. Most probably, a fraction of the sl-4 females survived until a postembryonic 
stage of their development. Thus, the sl-4 cannot be regarded a typical embryonic SLRLM (cf. 
Marcc 1990). No substantial differences in manifestation of lethality among individual SLRLMs 
were found. Defective formation of the germ band, which obviously led to the appearance of the 
slender larvae, occurred in a fraction of lethal eggs in the sl-6 and sl-7 (Fig. 7). In the sl-7. about 
half of the lethal embryos died before secretion of cuticle and ingestion of the remaining yolk, 
the other half died as fully formed larvae. In the si-15, almost all the lethal eggs contained fully 
developed larvae; the larvae successively detached from the chorion and coiled up so that their 
dead bodies were V-shaped (Figs 8 and 16). 
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DISCUSSION 


The course of embryonic development in Ephexiia kuehniella expresses the typical features of 
lepidopteran embryogenesis as described by Sehl (1931), Maschlanka (1938), Red & Day (1966), 
Anderson & Wood (1968), Anderson (1972). Crochard (1977). etc. 

It is well known that early development is not dependent on the expression of the zygotic 
genome (Anderson & Lengyel 1979). During early embryogenesis genetic information expressed 
in newly synthesized proteins is most likely maternal in origin. Early cleavage is dependent on 
maternal RNA until the blastoderm stage. From the blastoderm stage on, embryonic transcrip¬ 
tion substitutes increasingly the maternal transcripts which are then no longer required for 
farther development (Jackie & Kalthoff 1979). Garcia-Bellido & Moscoso del Pedro (1979) 
confirmed the importance of maternal gene activity for embryogenesis. It emerges from genetic 
evidence that a large number of genes arc active during oogenesis and embryogenesis. LaChance 
cl al. (1977) stated that eggs of the house fly fertilized with sperm carrying up to 70% of different 
deficiencies of the autosomes can develop the prehatching stage (when genes responsible for 
syngamy. cleavage and other essential phases of embryonic development are preserved). 

Lepidopteran eggs arc believed to be incompletely determined. Such eggs are capable of 
considerable regulations following experimental interference in early stages but the power is 
lost much sooner that in indeterminate eggs (Johannsen & Butt 19*11). Kuhn & Plagge (1937) 
showed that early gene product (of maternal origin) can into larval stages compensate for zygot¬ 
ic gene defects. Maschlanka (1938) revealed that after cauterization of a limited area of a egg at 
the stage of the cleavage division or blastoderm stage, the germ hand is able to complete the 
segmental pattern of embryo (i. e., till the blastoderm stage the cleavage nuclei are isopotem). 
Later cauterization led to damaged or missing segments. The results were depend on the place 
and time of application. Embryos in our experimental eggs mostly died at last stages of embry¬ 
ogenesis without any obvious morphological defects. This most probably indicates that the 
SLRLMs examined represent small deletions or point mutations in genes which are required at 
the most advanced stages of embryonic development. There is an interesting similarity to em¬ 
bryonic death caused by juvenoids. 

Crochard (1977), who studied the ovicidal activity of juvenoids on E. kuehniella eggs, did not 
state any embryonic malformations, but embryogenesis ceased at the time of embryonic revolu¬ 
tion or before hatching of the larvae. On the contrary, individual sex-linked recessive lethal 
mutations induced in the codling moth, Cydia pomonellu, considerably varied in the stage of 
embryogenesis in which the derangement and inhibition of development and death of the em¬ 
bryo occurred (Shvedov et al. 1985, Malolin & Anisimov 1988). In Lepidoptera, the cessation of 
embryonic development in its advanced stages is typical for radiation-induced, dominant lethal 
mutations (DLMs) (LaChance 1974) that are believed to represent induced chromosomal aber¬ 
rations. In this respect, Lepidoptera considerably differ from Diptera, in which early embryonic 
death is characteristic for induced DLMs. This is attributed to the fact that radiation-induced 
chromosome breaks in Diptera lead to the formation breakage-fusion-bridge cycles, whereas 
chromosome bridges are not seen during early embryonic development in Lepidoptera (La¬ 
Chance & Graham 1984). 

Recently, a balanced lethal strain of£. kuehniella, caled BL-2. was constructed for application 
in the pest control strategics (Marec 1991, Marec ctal. 1996). Male moths of this strain are hetero¬ 
zygous for two SLRLMs, sl-2 and si-15. When moths of this strain are intercrossed, one half of the 
male progeny die during embryogenesis because of being homozygous for one of the SLRLMs, 
either sl-2 or si-15, depending on the genotype of female parents (sec the scheme of die BL-2 strain 
in Marec ct al. 1996). Therefore, about 25% late embryonic lethality can be observed in single-pair 
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hgs 9-12 SEM micrographs of f.. kueh'urUa embryos (*ild-lypc). lakcn ai magnification of 240 390. Fig 9 - elon¬ 
gated germ band fGBi with head lobes (Hl.» in ihe 16 hrs old embryo Fig 10 - shortening of the embryo hi 
the age of 4X hrs S. segments. Figs II 12 - revolution and growth of the embryo in the age of 60 or 66 hrs. 
respectively S. segments 
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Figs 13-16. SEM micrographs of t. kuchmeilu embryos, lakcn at 200-390 fold magnification. Fig. 13 - growth 
of thoracic uppeodages <TA> in the 72 hrs old embryo (wild type! Fig. 14 position ol the fully grown. wild-type 
lana in the egg. 90 hours alter the egg laying, tig. 15 - the wild-type larva shortly before hutching. 92 hours after 
the egg laying. Fig. 16 the .lead 'u'-shaped larva of the mutant line. 
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egg collections Then the specific differences in lethality of both the sl-2 and si-15 (see Ibis paper) 
enable us to analyze the parental genotypes by routine screening of egg collections in a dissecting 
microscope Similarly, when males of the BL-2 strum are oulcrossed with wild type females, all 
female progeny die during embryoger.esis being hemizygous for one of the SLRLMs This resell in 
about 50% late embryonic lethality, half of ihe lethal eggs represent sl-2 females, the other half $t~ 
15 females In this respect, particularly the V-shaped larvae of the laitcx mutation appear to be an 
excellent diagnostic marker for verifying generic structure of the li l r 2 

In spite ot the fact that lepidopterans represent one of die largest groups of organisms and many 
of them belong to economically important insect pests, data concerning their embryoge-nesis as 
well as classical and molecular genetics arc still rather inconsistent and relatively limited (Wyatt 
1991) Thus, further research in this respect is needful 
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Abstract. Carty Pleistocene cave fillings Dcutsch-Altcnburg 4D and 2C yielded remains of 12 and 5 bird 
species, respectively Both the faunas are typical for mixed boreal forests of the current western Pnloarclic 
Only j single extinct .species, flic quail Fafaeocryptonyx dtmnerunt Depdrei, 1892. was recorded in Dculscii- 
•Altcnburg 

Aves, Blharian, Pleistocene, Austria 


INTRODUCHON 

Early Pleistocene record of the birds from Austria is limited to two cave fillings opened in the 
Hollitzer quarry between Hamburg, Bad Deutsch-Altenburg and Humlslieini in Hambur g Hills, N E 
Austria The bird remains were originally described by Janossy (1981). They are reviewed below, 
and supplemented by additional material. 

The localities Deutsch-Altenburg 4B and Dcutsch-Aitenburg 2C t arc early Biharian in age, 
belonging in Rahcdcr’s Microtux praehintoni-vxmc (DA 4B), and Microtux phocaen ieux- /.onc 
(DA 2C.). respectively (Rabeder 1972, 1973, 1981, Mats & Rabeder 1979), i. e. to the btezones 
Q 1 1 i sen si) HorUCck & Lo2t*k(!988). Jhe locality DA 4B is younger than DA 2C, (Rabeder 1981). 

The sequence of Recent species follows Voous (1977). Minimum numbers of individuals were 
calculated according to Grayson (1984). The stratigraphy follows 1 ioradek & Lo2ek (1988) 

I he material is deposited in the Institute of Paleontology of the University in Wien, Austria 
Gemot Rabeder (Wien) kindly allowed me to study the material, and contributed helpful comments 
on an early draft of the manuscript. I thank him very much. Most of the bones were illustrated in 
Janossy (1981, pi. 1 2, raid text-figures). Hence, the illustrations are not repnmed here, bur refe¬ 
rences to original illustranons arc given in the following species accounts. 

SYSTEMATIC LIST 
Falconidac 

Fulco tinrtunculus Linnaeus, 1758 

Matchial. DA 4Ft ciinnxmljcarpus sm. prox carpomctacarpus dex ; MNI = 1. 

Fhis. PI 3. Iij#. f >. and pi 2, tig 6 in Janossy (1981) 

Remarks. The bones from 1)A 4C were described anil figured (photos) by Janossy (1981). However, 
only an empty tube, labeled “Fcilko (sic!] tinnurtculus atavus", was found in ihe collection. Never¬ 
theless. the figures and measurements published by Janossy (1981) allow to confirm his identifica¬ 
tion of these bones at rhe species level. 
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Phasianidae 


Tetraa leirix Linnaeus, 1758 

Material PA 2C prox carpomclaisirpiis dcx., prox libiolaisus *111 . Mbit - I 
MEASUREMENTS Tibtoiirsui. dis<a; Width 2 rax. tarsyincialaisus proximal width = 10.0 mm. 

Remarks. These bones were not available to Mnossy (1981). 


Pulaeocryptony a donrtezani Dcp6rct, 1892 

Pulacotryplonyi donnezam Dcpcrcl. 1892 691 (figured by Dcpcrcl 1897) 

franco linns Cupel i Lanibrecht. J9J3 433 

Franiol.nui capckt Drcdkorb. 1964; 320 (spelling emended). 

Phojierdtx capeki Mlikovsky, 3995 11 6 (new combination) 

MvttRtAt DA 4B 3 prciraxilluc. 2 humeri dux., prox. humerus dcx., dist humerus dcx., prox tilnu sin., carpomcla- 
tarpus Am , prox carpamcrscirpus sin . 2 oar pome lacarpi dcx.. phalanx I digm 2 aloe dcx . 4 dm tareomdotursi 
sin . M\l = 4. PA 2C prox humerus dcx . dist. humerus dcx.. carpomctacarpus sin., prox. carpomctacarpus sin.. 
3 dist larsomelalarSi sin.. 2 dist. larsonictatarsi dcx . VfNI - 3 

Figs PI I. figs 1-5, 7. 9. and pi. 2. tig I in Janossy (1981) sub Francolmus capeki. and pi. 2, fig 2 in Janossy 
(1981) sub Perdix perdue jurscaki 

MEASUttUBSTS DA 2C. Humerus distal width = 82 mm, carpomctacarpus proximal width = 74 mm, tarsometa- 
larsus: distal width = 79 mm, 8 I mm DA 4B Humerus proximal width =114 mm. carpomctacarpus - length = 
22 4 mm. 23 7 mm. 26 I mm, proximal width = 66 mm, 6.9 mm. 7 4 mm. 6.8 mm, distal width = 42 mm. 4.2 
mm. 5 4 mm 

Remarks. Janossy (1981:379) mentioned. that he had at disposal 15 bones or bone fragments of this 
species from DA 4 B and DA 2C, but listed only 12 of them. Of the latter specimens, the following 
ones arc missing from the collection: 2 complete humeri, 1 humerus fragment, 1 ulnar fragment, and 
1 tarsometatarsus. The existence and identity of most of these bones, but of one unspecified 
humerus fragment, was continued by photos in Janossy (1981), so that I included them in the 
“Material” section. The missing humerus fragment was not included in the list. On the other hand, 
the carpomctacarpus from DA 4B was found :n the new material, which was not at disposal for 
Janossy. 

Pliocene and early Pleistocene localities of Central Europe yielded numerous remains of small 
phasianids, usually identified as extinct francolins from the modern genus Francolmus Stephens, 
1819 (Lanibrecht 1933, Janossy 1974a, 1976,1981,1985,1992, Mourer-Chauvirc 1993). Mlikovsky 
(1995) showed, that these bones do not belong to francolins, but to small quails, to which the 
generic name Phoperdix Krerzoi. 1955 was applied, following Hochenski & Kiirodkin (1987). Fur¬ 
ther research showed, that live latter genus is identical with PalaeocrypUmyx Deperet, 1892, de¬ 
scribed from the early Pliocene of France (Mlikovsky 1996a: 805, and unpub. results). Mlikovsky 
(1995) recognized three species of Phoperdix , of which Phoperdix capeki (Lambrecht, 1933) is 
both morphologically and metrically identical with Palacocryptonyx donnezuni Deperet, 1892. 
The latter name has precedence. Full revision of the Plio-Plcistocene quails of Europe and adjacent 
parts of Asia will be given elsewhere (Mlikovsky in prep.). The relevant genus-group name Ixim- 
brechha Janossy, 1974a is a nomen nudum (see Mlikovsky 1992:458). 

Janossy (1981) identified distal parts of three tarsomelatarsi from DA 2C. as those of Perdix 
perdixjuresaki Kretzoi, 1962. The tarsomelatarsi differ from the same element of Perdix and agree 
with that of PalaeocrypUmyx in having the trochlea for digit IV laterally smooth. Hence, they are 
attributed here to the latter genus and, according to their size, to Palaeocrypionyx donnezani. 
Perdix perdix juresaki must be deleted from the avifauna! list of Ueutsch-Altenburg. 
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Tabic I Early Pleistocene birds of Dculsch-AHcnburg 4B, and Dcufsch-Altcnbun* 2CI MSI » minimum numbers 
ot individuals 



Hones 

DA 4R 

MNI 

% MNI 

Bonce 

DA 2C, 

MNI 

% MNI 

Fako titt/ntitcuiut 

2 

t 

4.8 



_ 

Telran tetnx 

- 

- 

- 

2 

1 

11 1 

Paliteoi ryptoiiyx dannetant 

17 

4 

19 0 

9 

3 

33.3 

Giuueultu’n (Nissennum 

/ 

I 

4 8 

- 

- 


Aegolius funtrem 

- 

- 


3 

2 

22.2 

Picu i wndir 

1 

1 

4.8 

- 

- 

- 

DendriK opts majiu 

1 

1 

4.8 

- 

- 

- 

Hi run do ruxliui 

8 

3 

14.3 

2 

2 

22.2 

Lidsunttr >>p 

3 

3 

14.3 


- 

- 

Tuntus (large species) 

1 

1 

4.8 

- 

- 

- 

Tumus (middle sired species) 

S 

3 

14.3 

1 

1 

11.1 

Garrutm glandanu* 

2 

1 

4.8 

- 

- 

- 

Cuct'othmux tg.i Cin rolhmustcx 

1 

1 

4.8 




Lmlwnsu sp 

1 

1 

4 8 

- 



• 4 species 

43 

21 

100 0 

37 

9 

LOO 0 


Strigidae 

Gtaucidium passe rinum (Linnaeus, 1758) 

MaTEriai. DA 4B- tarscmctataisus dex ; MNI = 1 
Figs PI 2. fig. 3 in Janossy (198)). 

Aegolius funereus{ Linnaeus, 1758) 

MaTCrial DA 2C disl liirsoriclaiarsus sin, 2 dist. tarsomctalarsi dex ; MNI = 2. 

Figs. PI 2. fig 5 in Janossy (1981) sub Athene cf. veto. 

Remarks. Only one oflhe.se tarsomctalarsi was available to Jinossy (1983), who identified it as that 
of Athene cf. veto Janossy 1974a, described from the late Pliocene of Rqbiehce Krdlewskie I in 
Poland (see also Janossy 1992). The tarsometatarsus differs from the same clement of/lfAeneand 
agrees with lhat of Aegolius in being more robust, and in having differently shaped digital trochle- 
ac. Hence, A theneef. rtrto should be deleted from the avifaunal list ofDeutsch-Altenburg. It should 
be noted, that also the liolotypical coracoid of Athene veto belongs to the modem Aegolius 
ftwercus (see Mlikovsky 1992). 


Picidae 

Picus viridis Linnaeus, 1758 

Maibual. DA 4B dist iitoo<arsus sin ; MNI • I 


Dendrocopos mayor (Linnaeus. 1758) 

M.vnu.j DA -fi tarsomeutarsus dex.; MNI = I. 

Fir.s P! 2. fig 4 in Janossy (1981) .sub Dcndrvcopus [sic’l submajor 
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Remark. 1 ;. Janossy (1981) attributed this tarsometatarsus to Dendrocopus\sic\\ su bmuj or iznossy 
1974b. originally described from the middle Pleistocene ofHundshcim as a .subspecies of fhc mo¬ 
dern Dendrocopus [sic! ] major. A restudy of the syntvpes ofDendrocopos submajor s bowed Quit 
they fall within the variability of the modem Dendrocopos major, and that Dcndroccpos submajor 
cannot he separated at the species level (Mlikuvsky uupub. results). The same is true for the 
tarsometatarsus from DA 4B. 


Hiruncimdae 

Ifirundo rustica Linnaeus, 1758 

MAiFJt’AL DA 413 2 humcn sin . 2 hu;Rsn <kx . diit. humcru* *in , disi humerus dex . curpornctacarpus dex . MM 
= 3 DA 20 humerus dex. pcox. burnous dex.: MM - 2 
Tigs PI 2. fig t m Janowy {1981) 


Turd idee 
Luscinia sp. 

Matfriaj. DA 4B: 3 prox humeri sin , MNI = 3. 

Fics Text-fig 5 in J&nossy (1981) 

Rfmarks. Jinossy (1981) attributed wo of these humeral fragments to Sylvia sp.. while the third 
one was not available to him. The fragments considerably differ from the same element of Sylvia 
and other sylviids, and agree with those of Luscinia. in the configuration of the anconal surface of 
the head, and in the shape of the deltoid crest. The bones fall in the size class of the modem 
Luscinia svecica (Linnaeus, 1758) and Luscinia cyane (Pallas, 1776), and cannot be identified at 
the species level. Sylvia sp. must be deleted from theavifaunal list of Deutsch-Altcnburg. 

Turdus sp. (large species) 

Material DA 4B disi humerus sin.. MNI - I. 

Remarks. This specimen is of the size of the same element of the modem Turdus pilaris Linnaeus, 

1758 and Turdus viscivorus Linnaeus, 1758, which cannot be properly discerned on the basis of 
their humcn janossy (1981) tentatively identified the humerus from DA 4B as belonging to Turdus 
viscivorus. which is unsubstantiated. 

Turdussp. (modium sized species) 

MATr.fci.Ar.. DA 4B: 2 prox. humm sir, 2 prox humcn dcx.. disi humerus sin , MNI = 3 DA 2C: Cis;. humerus s:r.. 
MNI I 

Figs. PI 2. fig 10 hi J£nouy |I981) f. ub Tunius cf phtlomelas 

Remarks. These humerus fragments agree in size with the same elements of the modem Turdus 
phiiomelos Brelim. 1840 and Turdus merula Linnaeus. 1758, which cannot be properly discerned 
on the basis of rheir humeri. JAnossy (1981) identified those from DA 4B as Tunlusphdomtlos, 
which isoveroptimistic. 
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Corvidae 

Gurrutus glundarius (Linnaeus, 1758) 

Makkiai. DA 4B. huracm ilex.. dml humerus sin . MNI - I 
Figs P3 I, fig V, and pi. 2 , tig. 13 in Janossy (1981). 

Remarks. Janossy (1981) mentioned only one complete humerus of this species, but I found in the 
box two fragments. 


Fringillidae 

Coccothraustes coccothraustes (Linnaeus, 1758) 

Mahsiai.. DA 4B. pro* humerus ilex , MNI 1 
pjiis I’l 2. fig U m Jamxay (19SI) sub rintcoia sp. 

Remarks. Janossy (1981) identified this specimen as belonging to "Pimco/a sp. (cf. enucleator)". 
but the humems differs in having: (1) median crest more robust. (2) pneumatic fossa more closed, (3) 
deltoid uest more flaring andmore robust, and (4) shaft more robust. Pinicolasp. must be deleted 
from rhe avifaunal list of l>cutsch-Altenburg. 


Emberizidae 
Ember izu sp. 

Mailkcai. DA 4B prox humerus ilex ; MNI = 1 

I:ia I’l 2, tig 12. and icxi-tig 7 in lunossy (1981) sub Scnnus sp. 

Remarks. J&nossy (1981) identified this humerus as belonging to the genus Serinus, identifying it 
alternatively as "Serinus cf. canarius" (p. 378), "Serinus aff. serinus" (p. 385), and "Serinus sp.” 
(pp. 385,388). The bone markedly differs from (he same element of Serinus and oiher fringdhds, and 
agrees with that o fEmberlzo, in having the deltoid crest less flaring. The drawing of this humerus 
fragment in Janossy (1981, text-fig. 7) is very inaccurate, not resembling the specimen. Serinus 
canarius, Serinus serinus, and Serinus sp. must be deleted from ihe avifaunal list of Deutsch- 
-Altenburg. The Emberiza bunting from Deutsch-Altenburg was very small, approximately ofthe 
size of the modem Emberiza pusilla Pallas, 1776. 

DISCUSSION 


Taxonomy 

The restudy of avian remains from Deutsch-Altenburg resulted in several taxonomic changes. 
Hence, Perdix perdix and Athene vela must be deleted from the avifaunal list of Deutsch-Alten- 
barg 2C, and the following species must be deleted from the avifaunal list of Deutsch-Altenburg 
4B: Francolinus capeki, Dendrocopos submajor , Sylvia atncapilla . Turdus viscivorus, Turdus 
phdomelos, Turdus musicus, Sitta europaea, Sitla sp., Serinus serinus, Serinus canaria, Serinus 
sp., arid Pinicola enucleator. Most of the bones were re-assigned to other genera or even families, 
or were considered indeterminate at the species level ( Turdus spp.). The reasons were explained 
above. In addition, three distal fragments of tarsoinetatarsi were assigned by Janossy (1981) to two 
different Sina species. I consider these fragments indeterminate within the Passeriformes. 
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Taphonomy 

The avian faunas from Dcutseh-Altenburg 4B and 2C arc rather similar to each oilier, and can bo 
Heated as a unit here, although 4B is younger than 2C (Kabeder 1931). Theirtaphonomic origin can 
be mostly credited to ore or more small species of owls or raptors Both Giaucidiunt pa&serinum 
undAegolius/unereus, which were recorded from 4B and 2C, respectively, could have contributed 
to the avian assemblage found in I Putsch-Altenburg, but some of the remains {Gaiaeocryptonyx 
donnezani in particular) are loo large for these small owls, so that the presence of a larger owl or 
raptor at Deutsch-Altenburg is probable. 

Frology 

Most of the birds found (00% and 44% in 4B and 2C, respectively) are inhabitants of forests. 
Species typical tor both coniferous (07 aucidiumpassennum , Aegoliusfimereux) and broadleaved 
(Coccolhrausttis coccothraustes) forests are represented. Some of the species (Falco tinnunculus, 
Tcirao tetrix , and probably Palaeocryptonyx donnezani ) requited open places, but small patches 
of them would be sufficient for all the three species. Hence, Hamburg Hills were probably largely 
covered with mixed forests in the early Biharran. 

Biogeography 

All of the identified modem bird species are typical for boreal parts of rhe western Falearctic, and all 
still occur in Central Europe, although their distribution there may he rather patchy (c. g., Glauci- 
daon passer mum, Acgdiusfunereus, Lusdnia sp.J. Only one species .Palaeocryptonyx donneza- 
nt, became extinct. This small quail was widespread in what is now western Palearctic from the 
middle Pliocene till the end of die Btharian(Mlikovsfcy 1995,1996a,b, in prep.). 

Paleopathology 

None of die identified bones showed any signs or injuries or pathological changes. 
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Both editors arc professors - at University lit Oxnabruck (Geimany) and at Leopold Franzcns-Univcrsity in 
Innsbruck (Austria) The list of contributors comprises another 23 acknowledged expens affiliated with institutes 
for zoology and biology mostly in Germany and also in other countries (Austria, Bermudas, Netherlands, USA) As 
stated in t!ie preface, description of magnificent diversity of animal organisms ard their developmental stages, 
characterization of principal structures and functions, systematic arrangement into groups and categories consid¬ 
ering evolutionary approaches tl is in no way a simple undertaking for a one-volume textbook As structural 
patient for this treatise served the textbook of zoology edited in 1980 by Wurmbach und Slewing The editors 
point out that ihe most difficult problem for the arrangement of this book was a formal presentation of 
systematic classification regarding consequent phylogenetic concepts At the present lime, many parts of the 
system are matter of controversial dispute Two introductory general chapters present important terms and 
Schemes of phylogenetic systematic* and a vocabulary'like list of most significant Latin and Greek verbal elements 
ol zoological names and terms Following text ealbi&ccs two major groups of animals unicellular eukaryotes 
protozoans amJ multicellular animals metazoans Working classification schemes presenting categories in 
hierarchic classification arc listed in this textbook using the numerical (decimal) system without introduction of 
nomcnciaxural terms of taxa as usual in textbooks of systematic zoology (c g phylum, class, order, etc ) The 
nomenclature of taxonomical units is given by scientific (Lattn) and vernacular (German) names Protozoans 
(compiled by K Ilausmann and N Hulsmannn) are presented when discussmg general characters of principal cell 
structures loccmotory organdies and locomotion, modes of energy uptake by mitochondria and piastids, trans¬ 
port systems, multiplication and life cycles, and principles of systematics Systematic overwiew introduces here 15 
major protozoan assemblages constructed according to novel approaches to molecular and phylogenetic biology 
I/ong-lavoured traditional Butschlian classification scheme of protozoa (1880-1889) and also the classification 
promoted by live Society of Protoz.oologists (1964) and newly revised by Levine e* al (1985) seem to be no more 
relevant Metazoans arc outlined here in 5 major assemblages (taxa) farazoa (R Rieger), Waco/on (A Ruth- 
mann). Mesozoa (G Hns/.prunar), diblastic tumetazua (R Rieger) and tnblastic Humetazoa Hilatcria (R 
Rieger) Last-named assemblage includes the Sjui.iha (W Unhle), Articulala (W Wcsihcida), Fuarlhropoda (H 
Puulus), Mandibulata (H K Schrnmke), Antentuta (W Dohle), Nesiulliclininihos |S Loten/en), Tentaculala (K 
Herrmann) acul Deutecustuiuui (R Rieger, W Weatbeuie) Tb.e rest of authois provides access to subordinated taxa 
within ihe conceptual framework of the above-mentioned major assemblages Particular animal groups ore 
cliaiccleiized by descriptions of tissues and organ systems, multiplication arid development, and by on overview of 
system lilies with significant attention centred on novel approaches to molecular systeimitic classification Phylo¬ 
genetic relationships and ullrustructural data :r. assemblage? of metazoans are examined in u similar manner as in 
protozoans Fot example parasitic platyhclmmths at the end of their frcc-lwing larval stage cast off their ciliated 
epidermis and replace it by peripheral syncytium - neodermis w tegument Derived from neodermis emerged the 
name of a new taxon Ncodcrmata including the fiat worm* Tremaloda with asptdobothnids and dtgcncans. and 
C’ercoir.cromorpha including monogcncans and cestodes The acanihoccphalans arc classified here within the 
assemblage of Ncnuthclminthcs (Aschclmmihes) Reader specialized in other groups of invertebrates will find 
most probably additional examples of novel approaches concerning systematic classification Textual part is 
concluded by a comprehensive list of literature comprising general textbooks and handbooks, and monographs and 
lourrral quotations covering particular laxa of invertcbmte animals Finally, an extensive index summarizes special 
zoological terms and taxonomic names This must remarkable volume is amply illustrated by a wealth of 1167 
precise figures composed of macro- ami micoiphatn&iuptis, and schematic line drawings Ic-ituring protozoan and 
metazoan organisms and their developmental stages as complex unities »r external and internal structural parts 
and organ systems also in three-dimensional d’Ugcam’natic models Further presented are phylogenetic dendro¬ 
grams (bracking diagrams) and relationships, metamorphosis, life cycles, and many more in addition, there are S 
summary-type tables This new textbook on special zoology presents a teamwork of accredited experts specialized 
in particular systematic groups of invertebrate animals 11 is set to become on eweniiul refetence source lor pre- 
aixl poslgraluule students und lecturers in general and applied zoology us well for life scientists of various profiles 
Moreover, it may be ol practical value (or medical and veterinary professionals interested in medical and veterinary 
zoology with special regard to protozoology and hcImiiHho’ogy, entomology nnd malacology The second volume 
of th;s textbook will cover vertebrate animal? 
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Abstract The offspring of crosses between male black grouse ( Tcirao teirix) and female capercaillie (T. 
urogaUm) arc the most common grouse hybrids Some male hybrids (F generation) may be fertile and 
produce offspring (F_ generation) with females of capercaillie, rarely, with black gtousc Specimens and 
descriptions of lekkir.g behaviour arc atso available for probable F t and F„ hybrids We documented 3 and 2 
male F. hybrids simultaneously displaying on a black grouse lek in Norway (1993-1197), and, solitarily 
displaying hybrids on black grouse lek in the Czech Republic (1960-64). in Sweden (1991-93) ar.il Norway 
(1992. 1997). j n [9% and 1997 up to three hybrids were observed on a capercaillie display ground 2 km 
away Irom the first mentioned black grouse display ground Mating with fcmaic capercaillie was observed 
in 1992 and 1994 We describe the hybrids' lekking behaviour and attitudes towards other iclraomds. 

Leklung behaviour, back crossing, grouse hybrids 

INTRODUCTION 

I lybricis between male black grouse and female capercaillie are the most common grouse hybrids, 
leaned “rakkeliuuie” in Norwegian. Some male hybrids (F, generation) may be fertile and produce 
offspring (F; generation) with females of both capercaillie ar.d black grouse. Skin material ar.d 
descriptions of Ickking behaviour also exist foe probable F. and F.. ? hybrids. Successively increased 
fcmlitv is suspected through such backcrossing (Bergman 1940, HdgUird & Porkert 1989, Porker 
1995a. Porkert etal. 19%). 

Male l ,- i hybrids usually occurs soli tan iy on black grouse display grounds, and act aggressively 
towards male black grouse. We have found three reports of collectively displaying hybrids. Crown 
Prir.ee Rudolf (Anonymus 1883) mentioned 4 hybrids displaying on a capercaillie Ickking ground 
in N E Bohemia, of which two supposed F,-hybrids were shot the same day (cf. Meyer 1887. Klaus 
etal. 1989. Porkert 1995a). Viht{ 1987) reported three hybrids displaying in 1971 and 19?2onablack 
grouse lek king ground with approximately 20 male black grouse in Estonia. Nystrom (1990) ob¬ 
served three male hybrids on a black grouse display ground in Sweden. Bjorn Bjerke (pers. com. ) 
observed 2 hybrids and two female capercaillie on a black grouse display ground in 1985 in SE 
Norway. Here we describe lekking behaviour of hybrids based on our observations of solitarilv 
(Czech Republic I960 64, Sweden 1991 93, South-Norway 1992 and 1997) and collectively (Soulh- 
- Norway 1993-97) displaying hybrids on black grouse display grounds, and on a capercaillie dis¬ 
play ground in 1996 and 1997. 
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METHODS 


Hybrab displaying ar the black grouse lek at 0vrc Undvjk were first dociimc-ncd by An; Flor in 1992 (Flor 1 W», 
b) Ian Porkert and Roar Solhuim took |wrl m tho observations from 1991 and 1995. respectively Observations 
were made from blinds close to the displaying ground centers, and the buds’ behaviour was documented by 
photography and video taping. Observation days and observed behaviour and interactions between different birds arc 
given in Tab. I and 2 Tcnmnolcgy follows lljonb (1970). In 399? Ast»i«9ni Lie contributed with one observation 
day: 


RHS LOTS 

During spring 1992 one hybrid was present on the black grouse lek in 0vre Landvik, S. Norway (Fig. 
I), whereas during 1993 and 1994 There were 3 hybrids on this lek together w ith 3 male black grouse, 
which displayed :n parts of the territories of the hybrids. In 1995, 1996 and 1997 the lek contained 
2 hybrids and 1-3 male black grouse. In spring 1996 three other hybrids were observed 2 km away 
on a capercaillie lek with only one displaying male capercaillie, hi 1997 one hybrid was displaying 
in the center of this display ground prior to the copulation period of the capercaillie. A second 
subordinated male capercaillie was also observed with a non-vocal display close to the center this 
year. Both capercaillie were dominantly aggressive towards the hybrid, chasing it away whenever 
it came too close to either of the capercaillies’ respective displays centers. During the peak of 
copulation period, the hybrid's display center was located some 15 20 meters away from the 
dominant capercaillie. A hybrid (probably a second individual) displayed some 150-200 m north of 
the capercaillie’s display center. One male hybrid (probably a third individual) was also seen on a 
black grouse display ground 1.1 km NW of the capercaillie lek(cf Tab. 1 and2,1996 and 1997). 

We have observed the following patterns of behaviour: 

1. Wing-heat display 

Upright and standing on ground without moving forward, similar to black grouse (Fig. 2, cl’. Poikeri 
et al 1997: fig. 2,1 Ijorth 197(1: ftg 78). 

Announcing with ‘'drumming flight" similar lo male capercaillie (Fig. 3, of. Porkert el a!. 1997: fig. 
3, Hjorth 1970: fig 58). Drumming flight may be reduced, and may lack vocal sounds or be per¬ 
formed with reduced sound (Porkert et al. 1997). 

2. Thin-neck upright 

This behaviour is commonly displayed on ground and in trees to demonstrate die dominance of the 
territory holder (Hjorth 1970). The hybrid cocks stand or slowly move in a posture very similar to the 
capercaillie thin-necked upright. (Fig. 4, cf. Porkert el al. 1997: fig. 4. Hjorth 1970: fig. 59). 

The display song is an individually varying, recurring "erms”-sound, the frequency is mostly 1 
-2 kl Iz, hut even reaching approximately 4 kl Iz (Klaus elal. 1989: fig. 26). 

3. Upright cum wingdragging, singing aud tailtilting is similar to that in capercaillie 

The tail is fully fanned anil tdted 30-40* sideways towards the female or rival (Fig. 5. Porkert eta!. 

1997: fig. 6). The sideways tilting is more pronounced than in both capercaillie and black grouse (cf. 

1 Ijorth 1970: figs 63b, 64b, 84b; “black grouse never seen to exceed 15°”). 

4. Aggressive behaviour 

Solitarily displaying hybrids are usually highly aggressive towards male black grouse, as documented 
in a31 articles describing observations of hybrids on black grouse leks. During die periotic 1953- 
-1987, while the extinction and behaviour of both capercaillie and black grouse was studied in 
Orlickfi hory Mountains in NT: Bohemia, hybrids were present both before and during die disap- 
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Tab 1 Observation days and periods on ihc black grouse lek at 0vrc I.ardvik, showing behaviour of hybrid “rnkkcl- 
hanci" towards eonspoeiflcs, female grouse and male black grouso Esplananons 1 = nr days; 2 no rakkcUranncr; 
3 - no female capercaillie; 4 no copulations; 5 — no female black grouse; 6 - no copulauons; 7 lights with mule 
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pearance of malecapercaillies. This so called “rdkkcl”-phasc( 1959-64, Porkert 1990,1995b) repre¬ 
sent a special peri ode m the extinction phase of both species, caused by habitat degradation due to 
pollution and modem forestry (Porkert 1979,1980,1982,1991a, b). In this period male black grouse, 
too. became more aggressive and started solitarily displaying {Porkert 1976). ITie male hybrid's 
aggression excluded normal black grouse display on or close to the lekking grounds. The same 
aggressive behaviour was observed on a black grouse lek with or.e male hybrid at the Grimsb 
Research Station in Sweden. After the hybrid cock turned up on this lek in 1991, female black 
grouse disappeared since 1992. In 1993. the hybrid male moved to another lek 1 km away. This is in 
contrast to our observations on the black grouse lek with collectively displaying hybrids at 0vre 
Landvik m S-Norway, where a two-level hierarchy between hybrids and male black grouse deve¬ 
loped (Porkert e: al. 1997). The male hybrids had fixed terrilor.es according to their individual status 
(Rig 1). Male black grouse were allowed to display at close distance when they stayed at the 
secondary pans of the display ground, sitting in trees or in the thick heather vegetation. 

Head and neck “bowing", with a modulated display sounds is the slightest form of aggressive 
behaviour, resembling wide-necked attitudes cum belching cantus in capercaillie {Porkert et al. 
1997: fig. 7, cf. Hjortli 1970: fig. 64). 
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Fighting with wings beats und/or pecking between hybrids is similar to capercaillie's fighting 
behaviour(Hjorth I97(J; figs 65,67), and is initiated and occasionally terminated with deep bowing 
(Porkeit et at. 1997: fig. 8) of both rivals. Dominance is terminated through beak fighting (Porkert et 
al. 1997: fig. 9) or wing beat lighting (Porkert etal. 1997: fig. 10). This fighting behaviour is mostly 
observed between the hybrids themselves. Fight between a hybrid and the subordinate capercaillie 
was observed on April 20,1997 (Tab. 2). Male black grouse avoid confrontations with hybrids by 
fleeing (Porkert etal. 1997). 

5. Matings 

Matings with female capercaillie were observed on April 26,1992 (AT) and on May 5,1994 (JP, Fig. 
7.8). In 1992 the single present male hybrid (probably one years old, cf. Porkert) 995a, according to 
plumage characters) was mating several times with two female capercaillies (Flor 1993a, b). In 1994. 
one female capercaillie was observed on the lek, and mating was seen only once. The hybrid mated 

like male capercaillie (Fig. 8, cf. Fig. 9, Porkert eta! 1997: fig. 12, aiidlloglund 1957, Couturier & 
Couturier 1980: pi. LX. Klaus etal. 1989: fig. 39), now and then with a few wingbeats like male black 
grouse (cf. Porkert 1996, Porkert et al. 1997: fig. 13, and Hjorth 1970: tig. 85, Klaus et al. 1990: tigs 28, 
29). 

On May 1, 1995 ami on May 4 & 6, 1996, 1-3 black grouse females were observed inviting to 
mate. The invitations were probably directed as well to a male black grouse, which was displaying 
3-5 m behind the displaying hybrid (Porkert et al. 1997). 

Our observations show that in a choice between male hybrids and male black cocks, a female 
capercaillie prefers to mate with hybrids, whereas a female black grouse prefers to mate with their 
own species. 

On .April 20 & 23 r 1997,3 and 6 copulations, respectively, were observed between the dominant 
capercaillie mule and ’Jic females. A tolul of 5 and 8 hens, respectively, were observed on the display 
center on these two mornings (Fig. 9). In 1996 the observation tent was placed toe’ close to the 
mating center of die capercaillies, thus forcing the birds to copulate some 20 meters away. The 
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mating center was occupied by the displaying cock hybrid. When the tent was placed at an 
acceptable distance in 1997, the hybrids was driven away from the original copulation center by 
both capercaillie males (see map. Fig. I). 


DISCUSSION 

Although the hybrid “rakkelhane” was described as early as 1744 (Rutenschiold in Meyer 1887), 
and there are many literature reports on hybrids occupying both black grouse and capercaillie 
display grounds, the hybrids’ behaviour has hitherto been fragmentary described. This is quite 
contrary to the comprehensive literature on both black grouse and capercaillie (Hjorth 1970, Klaus 
et ah 1989.1990, Koivisto 1965, Kruit & Hogan 1967). Here we have described the behaviour of the 
hybrids according to the terminology used by Hjorth (1970). For a full description of the behaviour 
patterns, see Porkertet al. (1997). 

Contrary to E. Viht's (1987) observations of the female capercaillie which “invited male black 
grouse only.. .and was supposed mother of hybrids*' on a black grouse disp lav ground with 3 male 
hybrid “rakkelhaner” in Estonia, no female capercaillie that visited the lek at0vrc Landvik showed 
any interest for black grouse males (Porker! et ul. 1997) 

l Jnfortunatcly we have been unable to document any F r hybrids resulting from the copulations 
we have observed between hybrids and female capercaillies. This is probably due to at least some 
of the copulations documented in 1992 (Flor 1993 a. b) being unfulfilled. Beth the females capercail¬ 
lies’ repeated invitations and the hybrid male's low age (probably a one year ohl bird cf. Porker! 
1995a for plumage characters) support this interpretation. Contrary to this, the female capercaillie’s 
behaviour on 4 May 1994, indicate a successful copulation with the dominant hybrid (Porkcrt ct al. 
1997). However, due to the variable fertility of the hybrids, production of a F : -generation depend 
on the spenn quality of the respective male hybrid involved (HogJund & J’orkert 1989, cf Porkcrt 
1995a, Porkeil el al. 1996). 
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E. Viht (1987) pointed out that “female black grouse kept close to male black grouse only”, but 
gave no further information on the relations between females and male hybrids during hens’ visit at 
the lck. Our observations showed that female black grouse exclusively invited male black grouse for 
mounting. However, due to the presence of the male hybrids, male black grouse were deterred from 
mating (Porkcrt ot al. 1997). Whereas Hjorth i 1994) reports great turbulence on block grouse leks 
visited by male hybrids, our observations both in NE-Bo hernia and in central Sweden show that the 
aggressiveness of male hybrids did not allow any close presence of male black grouse at all. Only 
when a highly receptive black grouse hen appears on such a lek occupied by a male hybrid, without 
any male black grouse present, a successful copulation might be achieved Thus supposed !•> 
•hybrids between male hybrid and female black grouse as repotted in literature (Meyer 3 887. Klaus 
et al. 1989, Porkeil et al. 1996), must be extremely rare. Additional reasons for this are: I. Copulation 
by hybrid male with black grouse female may be somewhat more difficult owing to the size diffe¬ 
rence between the sexes (cf. male capercaillie * female black grouse in the breeding experiment, 
Kdglund & Porkert 1989); 2. Eventually the sperm quality of the respective male hybrid is essential 
for production of a potential F : -prugeny. 

As male hybrids show variation in character, display sounds and probably also fertility (Hoglund 
& Porkcrt 1989. for weight of testes, see Tub. 2, and ur.publ. Data for histology), there is also 
individual variation in behaviour. We were able to recognize individual male hybrids based on 
differences in white spots on ur.clcr-tail coverts and secondaries, on glossy colour and length of tail 
feathers, as well as display postures and sounds, especially in advertising behaviour. We also noted 
a specific ability of the birds to modulate their behaviour pattern tow ards either black grouse or 
capercaillie respectively (Porkert et al. 1997, cf. Hjorth 1970). 

The presence of hybrids is a symptom of skewed sex ratio in capercaillie, in disfavour ot males. 
The number of hybrids has increased in specific areas, first Middle Europe (Porkert 1990). and 
presently in Fennoscandia (Hjorth 1994 and pers. comm, Porkert 1996 and unpubl., Bakka 1996). 
Lack ofcapercat! lie males both in small broods in S-Norway (Weggc 1980) and in rest-populations 
prior to their extinction in Middle Europe (KJaus et al. 1989, Porkert 1990.1995b) has been recorded 
as well. The causes relates to interaction between the male capercaillie’s morphophystology and 
environmental factors. Mule capercaillie chicks have a much faster growth rate and retarded flight 
ability (Kalskc & Linden 1988) during their first summer Thar female chicks, and are thus prone to 
higher physiological strain (Linden 1981 . Lir.dtln ct al. 1984) and higher vulnerability to predation 
(Kalske & Linden 1 988). Reduced habital quality is the most likely factor causing such sex-biased 
growth strain today, and wc can see the following possible causes: 

1. Acid rain and wind-borne pollutants may have reduced the amount and species diversity of 
invertebrates available as food for capercaillie chicks (Pimrcitc 1977, Valeur 1977). Pollution caused 
vegetation changes in capercaillie habitats wliore the species later went extinct, especially in dwarf 

shrubs and gras'layer (Porkcrt 1979, 1980, 1982, 1983, 1991a, b, 1995b, Klaus et al. 1989). The 

nutritional value of the main foods plants arc reduced in the polluted areas and the content of 
harmful substances(i.c. metals) increase (Porkert 1991b tab. 4. unpubl. data fium the Czech Repub¬ 
lic and Germany, cf. Klaus etaL 1985). 

2. The quality of food plants may be reduced as a result of heavy competitive browsing by very- 
dense ungulate (i. e. moose Alcesalccs, red deer Cervus etaphus and roe deer Caprcolus capreoius) 
populations. I leavy hrow r sing increase the plants’ production of chemical anti-browsing agents, 
which in turn may have a negative effect on the reproduction of small game like grouse (cf. Seias 
1997). 

3. By browsing and trampling, dense ungulate populations may also degrade die food plants' 
(Vaccinium and Filicaies) cover quality for capercaillie chicks as protection against predators and 
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lip- 6-9. 6 - male hybrid displaying close lo a male black grouse without nlucking him. 7 - male hybrid appoaching 
female capercaillie prior to copulation; S - male hybrid begins mating like capercaillie; 9 male capercaillie 
mating with females on “mating ground” in 1997. which in 1996 was occupied by a male hybrid (sec text! 

Figs 2 Mi X Jan Porkcn. Fig. 9 Amc Flor. 
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precipitation, especially prior to development of the chick thermoregulation mechanism (Muller 
1982. Porkert 1982,1983. Klaus etui. 1985.1989). 

4. Capercaillie habitats are regularly degraded by old forest logging and bog drainage, which 
cause habitat fragmentation with many negative effects (Klaus cl al. 1989. Rolstad 1989 and others). 

Under the lack of the male capercaillies, the mating behaviour of both black cock and capercaillie 
female {Hotjlund 1957. Iljorth 1994) favour hybridization. Unfortunately, we are short of infor¬ 
mation on the fertility ofhybncLs. Female hybrids arc sterile, but some males may reproduce with 
females of the parent species (I Idglund & Porkert 1989, cf. Collett 1906). Male hybrid chicks may 
have better survival options than male capercaillie chicks, due to slower growth rate during the 
first weeks after hatching (I loglund & Porkert 1989: Fig. 1). An intermediary diet ofhybrids con¬ 
sisting of food components of both parent species (Porkert 1972, Pulliainen 1982), may also give 
this effect. This may however not counterbalance the hybrids’ lower fertility females are in general 
more choosy than males (I ijorth 1 970, Hoglund & Porkert 1 989, cf. F:g. 6 male black grouse mount¬ 
ing a stuffed female capercaillie). The choosiness of female has recently been demonstrated expe¬ 
rimentally in flycatchers by Saetre et al. (1997a). In sympalric populations of two related species, 
female choice even select for divergence :n male appearance between the species (Saerre el al. 
1997b). However, among birds m general, about one out of ten species has been proved to hybri¬ 
dize with related species, Galliformes being one of the orders with the highest frequencies of hybri¬ 
dization (21.5% of all species hybridize. Grant & Grant 1992). Both capercaillie and black grouse 
may even produce hybrids with Phasianids (Gray 1958. cf. reference in Hoglund & Porkert 1989. 
Klaus et al 1989). Hybr.dsofsome Darwin's finches in the Galapagos archipelago have even been 
proven better survivors than their mother species (Grant & Grant 1992). The presence ofhybrids in 
degraded grouse habitats w ith detcr.orated microclimatic conditions may be v iewed as a paraded, 
and a basis for further studies of the survival abilities of "rakkelhons” hybrids and their backcross 
hybrid progeny in anthropogenetically disturbed habitat s. 

CONCLUSION 

The behaviour of the "mother" species (capercaillie) dominates the display behaviour ofhybrids. 
But individual variation and flexibility in the modulation of behaviour to suit different situations 
point to relatively low genetic fixation. Thus both comparison with the behaviour of hybrid F,- 
-males resulting from male capercaillie * female black grouse crosses, and further backcrossmgs 
would be most interesting (cf. i. e. sonogram ofdisplay songs from F t and F 2 hybrids raised in Boda 
Viliforskningsstation in Sweden, Hoglund & Porkert 1989, described by Klaus et al. 1989, Fig. 26, 
and supposed F 2 -F,hybrids observed in nature or found in museum collections. Anon. 1883, Meyer 
1887. Klaus et al. 1989. Porkert 1995a, Porkert et al. 1996). 

Uur study area in southern Norway with female capercaillies regularly inviting make hybrids for 
mating thus present a unique opportunity for field studies of the outcome of such crossings. By the 
use of radiotelemetric equipment, it should be possible to rind potential nests or clutches w'lth Fh- 
•hybnil offspring, and thus record the fitness value of capercaillie and black grouse hybridization. 
We also stress the need for systematic cross-breeding experiments with capercaillie and black 
grouse in captivity, to collect accurate data on the hybrids’ and later backcrossed progeny’s fertili¬ 
ty, morphophysiology and genetics. 
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Abstract Of die two anterior orbital glands in squamate reptiles the anterior lacrimal gland and tlic 
Hruddian gland, only lire latter is both ubiquitous and enigmatic It was suggested Ituit belli the development 
of Ihe Hantc'ian gland an d its embryoJogica) association with the anterior layri/as] giant) differ between She 
liv^rd and the mammals The aim of this study was to examine the organogenesis of the anterior orbital 
glands of several squamate species, thence determining whether the solo lizard previously examined was 
representative of the squama ta Both adult and embryos of several species from 4 major squamate lineages 
(Sorpentes, Iguama. Scincomorpha and Gckkota) were examined at the light microscopic level Though the 
Hardenan glands of these sqiuunafcs all exhibited the same sequence of events leading to maturation, 
variation was observed in both the inception of the gland and the association of the gland with other orbital 
structures In ail cases, the Hardenan gland was developmental^ associated with the proximal end of the 
lacnmal canal, either directly (Serpentes) or indirectly (other squamates). Only the Iguanians examined 
possessed an anterior lacrimal gland, which may have developed from the same pumordia as the Hardenan 
gland It was thus concluded, that not only did the anterior orbital glands of squamates originate from a 
single glandular pnmordia, but also that they have done so in close association with the lacnmal canal Since 
the lacrimal canal opens distally into the VNO, the combination of both this cmbryologtcal data and 
previous morphological observations strongly imply that the gland may (unction in the vomeronasal sense. 

ffurdcrian gland, anterior lacrimal gland. Squamata. lacrimal duct, VNO 

There are at most two glands found in the anterior orbit of squamate reptiles: the anterior lacrimal 
gland and Harderian gland (Fig. 1). When present, the anterior lacrimal gland is a small, mucous 
secreting structure associated with the anterior conjunctival sac (Saint-Girons 1982). It is presumed 
to function in orbital lubrication. The structure and function of the Harderian gland, however, is 
somewhat more controversial The Harderian gland, originally described in 1694 in the deer, ;s an 
orbital feature of most tctiapods closely associated with the nictitating membrane (Cowan 1969, 
Saint-Girons 1982, Payne 1994). There has been little research on the reptilian Harderian gland. 
Saint-Girons (! 9R8) suggested that the reptiles, a paraphyletic group of fetrapods, always possess 3 
Harderian gland and may also possess other orbital glands (see Fig. 1). The Harderian gland in 
reptiles seems to vary' in size, with large post-orbital lobes having been describee in several species 
ofcolubrmdsnakes(Dullemeijcr 1958, McDowell 1969,Savitzky 1978. Saint-Girons 1988). Inmost 
lizards, however, the Harderian gland appears to be uniformly smaller (Sauit-Girons 1982, Rchorek 
1992). The Hardenan gland of squamate reptiles has only been described at the light microscopic 
level (Saint-Girons 1982.1985,1988) and a few ultrastructural analyses (Chieffi-Baccari et ah 1990, 
Minucci et al. 1992. Keherek 1997b, Rehorek etal. 1997). The sparse knowledge of the structure of 
the squamate Harderian gland and the lack of ultrastructural analyses at a broad phylogenetic level 
has led to ihe assumption that it has a uniform structure and function (Chieffi et al. 1992). The 
function of (lie Hardenan gland in squamate reptiles is currently unknown. However, there is some 
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morphological evidence which suggests that it may function as part of the vomeronasal system 
(Rehorek 1997a, b. 1 lillemus & Rehorek 1997). 

The embryology of the Hardenan gland has only been described in a few disparate terrestrial 
vertebrate species. In the three species of terrestrial frogs thus far studied, the Hardenan gland 
develops during metamorphosis at either the premeramorphic (Shirama et al 1982) or climax {Walls 
1942. Kidtenbach et al. 1980, Shirama et al. 1982, Wake 1985) stages. It is thought to develop from 
the corneal epithelium (Kaltenbacb et ah 1980). In the aquatic frog ,Xenopus laevis Daudm, 1803, 
die Hardenan gland develops at a much later stage (Shirama etal. 1982). This was correlated to the 
absence of a nictitating membrane. Organogenesis of the Harderian gland in squamates has only 
been desenbed in the lizard, PodatcisS. sicula Raftaesque- Schmaltz, 1810. In this case, the Harrh 
eriun gland develops prenatally, and appears to be fully developed by birth (Chieffi-Baccan et al. 
1995). In both the lab mouse and the lab rat, the Hardcrian gland appears just before birth, forming 
as a thickening of the conjunctival epithelium in the internal comer of the eye (Paligova & Pospist- 
Jova 1972, Michael etal. 1988). By birthan immature, non-functional Hardcrian gland is found at 
the base of the nictitating membrane in the mouse (Gray 1982, Michael 1988). The Hardcrian gland 
m both these rodents and several hamsters matures postr.arally (Kelcnyi & Orban 1964. Bucana & 
Nadakavukaren 1972,1973, Shirama & Hckano 1992, Lopez etal. 1992). 

Two major theories were proposed for the evolution of the anterior orbital glands in tetrapods by- 
Sakai (1985). The "migration", or "single gland theory", states that the variable location of the 
Harderian gland observed is due to the migration of a single glar.d in the orbital region. Tin's theory 
was further expanded and supported by Chicftl-Baccari ct al. (1992), who proposed that the ante¬ 
rior lacrimal and Harderian glands originated from the same pr.mordium in the lizard Podarcis s. 
sicula, and then separated at a later embryonic stage. Alternatively, the "two glands theory" states 
that there are two glands, originating from two separate primordia. Morphological variation in 
position of both the anterior lacrimal and the Harderian gland in mammals led Sakai (1981) to 
support the latter theory. This was further supported by embryological data from the mouse, where¬ 
in the Harderian gland and the anterior lacrimal gland form at different stages during development 
(Michael et al. 1988). Thus, it seems that there is support for both of these hypotheses, from the 
Reptiliaand Mammalia respectively. 

The present study examines the organogenesis of the Hardenan gland in several squamate 
embryos in an effort the determine whether The development of the Harderian gland in Podarcis s. 
sicula (Chieffi-Baccari et al. 1995) is representative of the squamata, despite the morphological 
differencesobserved between adults of different families (Rehorek 1997a, b). Once this has been 
established, the validity of the two hypotheses regarding Harderian gland development will be 
discussed. 


MATERIAL AND METHODS 

Specimens of adult lizards (Scincidac PemwrfiH decresieiisis (Cuvier, 1829) n=5; Cckkota Christum* nturmora- 
l\u (Grey. 1848} n-5. Againtdae Pogomi (Ahf, 1926) n=5) and hatchling Snake (filapidac. Psrudonaja 

laxtihs Dcmcnl. Bibrun ct Duincn1. 1854) n-j| were obtained from field excursions in South Australia They were 
killed Cither by an overdose of sodium pcntobarbjtol (Nembutal) or anoclhcsizcd with chloroform vapours, and 
subsequently decapitated With the exception of Pogona vuucaps, whole heads were fixed in 10% formalin, jnd 
7 micron serial paraffin sections were cut and then stained with llaematoxyhn and liosm Due to the large Size of 
the skull of Pogona vilhceps, the Harderian glands were dissected out, and they were then prepared in the same 
manner as the whole heads. 

lirabryos from nine species, representing three snake families, were examined from the collection ar the 
Department of Biological Sicnccs, Old Dominion University, USA These previously serially cut pur ditin sections 
(? micron) of whole heads had been stained with Haemacoxylm and liosm They had been staged according to Zchr 
11902). with nr least one specimen available per sugc. The following species and stages were examined. CoJubri- 
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tlae: LamproptUis get ulus (Linnaeus. 1758) |?7, 30, 32], Coluber constrictor (Linnaeus, 1758) [32J. Nerodia 
sipedon (Linnaeus, 1758) [32J. DmdopHis punaaius (Linnaeus, 1766) [22. 24. 26. 27. 28. 30. 32): Vipcrtdac. 
Crotalua horridas (Linnaeus, J75B) 126, 27. 29. 30, 33). Agkistrodon piscivorous (LacCpfcdc, 1889) (28, 29, 31, 
32, 34. 35], A. contortnx [361, Bcidac Python reg:u. t (Shaw, 1802) 129, 30, 31, 3.3-35), P. molurus (Gray, 18-12) 
[33-35, 37) 

Three species of embryonic li/ards wore examined from the. collection at ihc Faculty of Medicine, Charles 
University, Plzen These previously sunnily cal paraffin sections (7 micron) of whole heads had been sunned with 
llacmaluxyJin and bosm. They had been singed according io total body length, and only one specimen was available 
per stage The following specie* ar.d Stages were examined. Iaccrtidae Ijicerta saxtoola livcrsmann, 1834 (6 nun, 
7 mm, 8 mm); Gefckcua Gttkkv gecko Rarbour, 19I2 - (35 mm, 40 mm. 46 mm], Agamwtnc. Agama sp. (17 mm. 
20 mm. 22 mm, 23 mm. 25 mm, 28 mm]. 

Two embryos of Hemergts tUercsiensis. wh:ch had been previously collected and stored in a solution of 3% 
formaldehyde and 3% glutcraldchvde in phosphate buffer at pH 7 4, were selected and staged according to the 
mtidard tables of Dufaurc & Hubert (1961). Tha 7 miCTon serial paraffin sections of the heads were siamod with 
H.icma(oxylin and Eo.sm 


RESULTS 

The organogenesis of the Harderian gland and its relationship to the lacrimal canal in the three 
families of snakes examined were roughly similiar at the early embryonic stages. No nictitating 
membrane was obsen'ed. Al stage 28, the lacrimal canal is first visible, as it buds off from the lateral 
side ofihe vomeronasal duct, failing to extend to the orbital region. By stage 29, the lacrimal canal 
reaches the orbit. Here the Harderian gland intially appears as an invagination of the epithelium in 
close proximity to the opening of the lacrimal canal (Fig. 2a), and begins to develop into a solid 
tube. By stage 3 f, the lacrimal canaf is in the process of moving from the lateral to the medial side of 
the vomeronasal duct. Thereafter, the Harderian gland and its relationship to the lacrimal canal 
varies among the three groups of snakes studied. 

In rhe colubrids, at stage 32, the Harderian gland appears to be confluent with the lacrimal canal 
(Fig. 2b). At this stage, Ihe Harderian gland is a semi-solid tube, gradually extending from the 
conjunctival epithelium intothe mesenchymal stroma. 



Hi- I A schematic diagram of a horizon to I section through the oihilal region of a reptile. Abbreviations: AL<3 
- anterior lacnmaf giand, C - conjunctiva, E - eye. HCJ - Harderian gland, LC lucnmal catutliculi. NM 
nictitating membrane, ON - optic nerve, PL<J - posterior lacrimal gland 
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In the viperids, at stage 32, the lacnmal canal largely by passes the conjunctival space, as it 
passes deep to the eyeball, continuous witli the .semi-hollow tubules of the Hardcrian gland. There 
is a small tubule from the lacnmal canal which opens into the conjunctival space. At stage 33. the 
I (arderian gland is a series of tubes attached to the lacnmal canal. The Hanlerian gland opens into 
the orbit independent of the lacrimal canal. The body of the gland gradually expands into the 
mesenchymal stroma deep in the orbit At stage 34. the lacnmal canal forms an antechamber before 
reaching tike orbital region, sending off u branch to both the conjunctival region and the Hanlerian 
gland. The body of the gland gradually expands into the mesenchymal stroma, which is encapsulat¬ 
ed (Fig. 2c) At stage 35, the lacrimal canal bifurcates, producing two canaliculi, which open into 
the conjunctival space and the Hardcrian gland respectively. The body of the Hardcrian gland 
increases in size as it invades the mesenchymal stroma (Fig. 2d). Some segregation of the acini can 
be seen at this stage. At stage 36, the lacrimal canalieuli are separate, with ihe larger medial one 
opening into the Hardcrian gland, and the smaller lateral one opening into the orbit. Tins arrange¬ 
ment is similar to the adult condition. 

In the hatchling Flap-id. the individual acini of die Harderian gland are separated by a sinull 
amount ofinteracinar connective tissue (Fig. 2c), as it takes on the appearance of Ihe adult condi¬ 
tion. The Harderian gland fills the oral half of the orbit. 

In Hoids at stage 31. the lacrimal canal opens directly into the Harderian gland. Detween stages 
33-35, the Harderian gland undergoes rapid development. The Harderian gland opens into the 
conjunctival region independent of the lacrimal canal. This is similar to the adult condition. By this 
stage, the Hardenangland comprises a senes of tubules, with small lumens, extending deep into the 
orbital region. ‘Hie acini of the gland are separated by mesenchymal stroma, and the entire gland is 
encapsulated. At stage 37. the glandular duct cells can be histologically distinguished from the cells 
of the glandular body, as the lumen can be now distinguished in most acini (Fig. 2f). 

In all lizards examined, the lacnmal canal opens anterior to the Harderian gland, separated from 
it by the nictitating membrane. However, no nictitating membrane is found in the adult gekkonid. 
The route of the lacnmal canal in the gekkonid is largely subcutaneous in the adult, and was 
difficult to find in the embry os. 

The gekkonid Harderian gland is present at both 40 and 46 mm stages. Prior to 40 mm only- 
mesenchymal stroma can be seen in that area. By 40 mm, the mesenchymal stroma in the deep orbit 
contains the dense tubules of the Harderian gland (Fig. 3a). which proliferate and have large lumens 
by 46 mm (Fig. 3b). There is still a sizeable amount of mesenchymal stroma. In the adult, the acini of 
the Harderian gland have only a little surrounding connective tissue (Fig. 3c). The Harderian gland 
is a small, curved structure which is confined to the anterior aspect of the orbit. 

As no adult laccrtid material could be obtained, adult skink material was vciweri Doth lacertids 
and skiuks have been classified as scincomorphs. In all three stages of the embryonic lacertid. both 
the Harderian gland and the lacrimal canal are present The Harderian glar.d is a series of solid 
tubules, extending into the mesenchymal stroma (Fig. 3d). By 8mm the lacnmal canal becomes 
hollow, whilst the Harderian gland remains a mass of tubules, with small lumens and a reduced 
amount of mesenchymal stroma At this stage, the development of the I lard man gland approxi¬ 
mates lhatof the adult in size with a minimal amount of interaeinar connective tissue. Thus, there is 
rapid development of the Harderian gland a: this time 

The I larderian gland of the skink, Hetmiergis descresiensis, appears at stage 36 as a thickening 
ot the conjunctival epithelium between the nictitating membrane and die cornea. The Harderian 
gland in the adult skink is a cinvcd lingual-shaped gland which lies in die midline of the orbit barely 
reaching the optic nerve. 
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Fig 2 Light micrographs of transverse sections through snake heads, showing the relationship between the 
Harderian land and the lacrimal canal In all cases, the eyeball is situated to the left a) Agkistrodon piscivorous 
(Vipcndae) embryo at stage 29 The lacrimal canal opens into the conjunctival region (arrow head) b) Dtadophis 
puncuuus (Colubridae) embryo at stage 32 The development of the connection between the lacrimal canal (arrow 
head) and the Harderian gland primordia <P) c> Agkistrodon piscivorous (Viperldael embryo at stage 34 The 
lacrimal can! (arrow head) opens into the devclopping llardcnan gland, which is expanding into the encapsulated 
mesenchymal stroma, di A. piscovoruus (Vlperidae) embryo at stage 35 e) Pseudonaja results (Elaptdaei postna¬ 
tal Little a«.inar connective tissue present f) Python regius (Boidae) at stage 37 The differentiation of the duct 
cells (arrow head) from the rest of ihc cells from of the Harderian gland Magnification: a = I20x b = M)x c = 4(lx 
d = 25x. c = 25x. f = 25x 


159 




Rg. 3. Ugtw micrographs Ot transverse section-, through lizard heads, showing the development of the Itardertan 
gland in the species studied. In all case.', the eyeball is situated to the left, a) Gekko gecko (Gekkota) embryo at 40mm. 
Solid tuhes of the Hardenan gland ettrnling into ilk 1 mesenchymal stroma. h( G gecko (Oekkota| embryo at 46mill. 
Larger lumens of the Hardenan gland acini with less intervening mesenchymal stroma. c| Chrixtinus marmoraius 
(GekLota) adult Part 01 Hardenan gland: note the large lumens and the amount of imcracinar connective tissue, 
di Lacerta vaxicola (Laccrtidacl embryo at burnt Developing Hardcrian gland with extending into the mesenchymal 
stroma, no lumens in tlie acini e) Aguiim sp lAgamidae) embryo at 17mm. The primorduun of the glandular mays 
farrow heads) at die base of the nictitating memlimne «N> ft Agoma sp (Agamtduc ) einbtyo ut 28inm Note die 
morphological separation ol the Hardcriun (arrow head) and anterior lacrimal (Ai glands. Magnification: c 2<X)«. 
rest = KlOx. 
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Tne adult agamid. unlike the adult gekkonid and scincomorph, possesses both a I larderian gland 
and an anterior lacrimal gland. It was difficult to distinguish the two cinbryologicully. They were 
first present by I? mm, as a small group of solid tubules attached to the root of the nictitating 
me nib nine (Fig. 3e). By 20 nun, the lacrimal canal opens into the conjunctival sac, anterior to the 
glandular mass. At this stage, it is still difficult to distinguish the two glandular masses. By 28 mm, 
the anterior lacrimal gland opens oulo the conjunctival sac, whereas the Hardcrian gland opens 
onto the cornea (F ig. 3t). Though the acini have only small lumens by tins stage, it is similar to the 
adult condition. The Harderian gland ofPogona vitiiceps is a lingual-shaped structure. It lies in the 
nudlice of the orbit and reaches the optic nerve. 

DISCUSSION 

Previous surveys of Hardcrian glands in adult squamates have shown some level of morphological 
diversify (Sam? Girons 1982, Rehorek 1997b). The aim of this survey was firs fly to observer the 
organogenesis of the Hardcrian gland in a wide range of squamates and secondly to correlate the 
findings with previous hypotheses regarding the inception of the anterior orbital glands (the ante¬ 
rior lacrimal gland and the I larderian gland). 

The sequence of events leading to the maturation of the Harderian gland in the squamates 
examined is similar to that which has been previously described in Podarcis s. sicula (Chieffi- 
Baccari et al. [995) and rodents (Mueller 1969, Paligova & Pospteiiova 1972, Bucana & Nadacavu- 
karen 1972.1973, Vianna&Cmz i975a, 1975b,Michael 1988, Lopexetal. 1992). However, though 
the sequence of events leading to maturation are similar, the timing of development differs between 
squamates and mammals. The results of this study show that the squamate Harderian gland deve¬ 
lops mainly prenatally, thereby supporting previous observations (Chicffi-Baccari et al. 1995). Thus, 
the squamate Harderian gland is potentially function at birth. The significance of this will be 
discussed later. 

There is, however, some variation amoung squamates in both the rate of development of the 
Harderian gland and the influence of other orbital structures. In general, the lizard Harderian gland 
develops at a much later stage than that of the snake. Since the staging technique of the lizard 
embryos examined in Plzeft is incompatible with the staging technique of Dufaure & Hubert (196!), 
it is difficult to ascertain precisely when the Harderian gland primordium appears. In the sktnk, 
Hemtergis decresiensss, and the lacertid, Podarcis s. sicula , the inception of the Harderian gland 
occurs during the later embryonic stages (stage 36 out of 40 stages). This also may be the case in 
Laceria sax kola. Thus, ihe Harderian gland in scincomorpbs appears to develop jn the later 
embryonic stages. No comparably staged material regarding the organogenesis of the 1 larderian 
gland has been examined in either agamids or gekkonids. The Harderian gland in snakes, however, 
is first seen at a much earlier embryonic stage (stage 29 out of 37 stages), thence contrasting with 
the late development seen in lizards The much smaller size of the Harderian gland in the adult 
lizards may be due to its retarded embryonic inception, while the converse may be the case with the 
snakes. 

The development of the Harderian gland in relation to other orbital features also differs between 
I izards and snakes. In lizards, with the exception of the gekkos, the nictitating membrane develops 
betore the Harderian. gland. The association between the nictitating membrane and the Harderian 
gland has also been obser ved in both rodents and terrestrial frogs (Paligovi & Pospi$ilova 1972, 
Shiramaet al. 1982, Michael et al. 1988). However, the nictitating membrane is absent in die aquatic 
frog, Xerwpus laevis. This absence has been connected to tile retarded inception of the Harderian 
gland in tins species (Shirama et al. 1 982). 
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Both gekkocs and snakes do not possess a nictitating membrane, in neither case docs the 
i Iarderian gland inceprion appear to be retarded with respect to the other squamates. Owing to die 
lack of gekko embryo specimens between 35 mm and 40 mm, the source of invagination leading to 
the intial development of the I Iarderian gland in gekkos could not be determined in the present 
study. Nevertheless, the Harderiun gland m the gekko appears to be fully developed at the later 
embryonic stage. In the snakes, it seems that the presence of the lacrimal canal in the orbit coincides 
to the inception of the I Iarderian gland. As discussed previously, the inception of the snake Harde¬ 
rian gland is not retarded, hut instead appears at a much earlier embryonic stage. 

The lacrimal canal (via lacrimal canalieuli) is proximally connected either directly (snakes and 
pygopods) or indirectly (other lizards) to the Harderiun gland (Bellairs & Boyd ! 047, Saml-Ginms 
1082, Rehorek 1997a). DistaDy, the lacrimal canal opens into the VNO, or in close proximity thereof 
(Uellairs& Boyd 1950, Rehorek 1997a). This connection between the orbit(ar.d thus the I Iarderian 
gland) and tlie VNO occurs in other terrestrial vertebrates where all three elements (Hardenan 
gfar.d, lacrimal canal and WO) are present (Hillenius & Rehorek 1997). It has thus been proposed 
that the lacrimal canal acls as a conduit fox the orbital secretions (Bjerriiig 1989, Rehorek 1997a, 
1997b, Hillenius & Rehorek 1997). The embryology of the lacrimal canal and its relationship to the 
VNO has been described in several squamate species (Slaby 1979a, b.c, 1981,1982a, b, c, 1984). 
Some chamadeonid lizards lack a VNO (Gabe & Saint-Girons 1976, Slaby 1 984), but tlie lacrimal 
canal nevertheless terminates in the region of the palate normally occupied by the V'NO (Slaby 
1984). Examination of embryological material has shown, that the VNO is functional before birth in 
the garter snake, Thamnophis sirtalis Baird et Girard. 1853 (Holtzman & Halpem 1990. 1991a. b) and 
that the neonate skmk, Eumeces fasciatus Linnaeus, 1758, is capable of vomeroffaction (Burghardt 
1973) Thus, boih the developmental and morphological links between the Hardcrian gland and the 
lacrimal canal, and between the lacrimal canal and the VNO implies a functional connection be¬ 
tween the Harderian gland and Ihe VNO. However, the embryonic relationship between the Harde- 
rian gland and Ihe VNO in squamates has not been studied. 

The second aim was to ascertain which of the two competeing hypotheses regarding Harderian 
gland inception was applicable to the squamates. In this study, the presence of two anterior orbital 
glands (anterior lacrimal and Harderian glands) were found only in theagamids. A common precur¬ 
sor for both Ihe Harderian and the anterior lacrimal glands was found ir, ihe unknown species of 
agamid, and could only lie distinguished anatomically as the embryo developed. Thus, the organo¬ 
genesis of these two anterior orbital glands in both Pod arc is s. sicula (Chieffi-Baccan et al. 1995) 
and the agannds supports the "single gland theory”. In the embryoes of the other squamates 
examined, there was no indication of an anterior lacrimal gland. This is despite the presence of small 
anterior lacrimal glands in adult Hemiergis descresiensis (Rehorek 1992). Thus, the absence of 
multiple anterior orbital glands in the scincomorphs, gekkotans and serpentes could be construed 
to support the "single gland theory". 

In conclusion, it was found that not only did the anterior orbital glands develop from u single 
primoedia, but that the Harderian gland inception did not begin until either the lacrimal canalieuli 
(Serpentes) or nictitating membrane (Scincomorpha and Iguania) were present in the orbit. The 
condition in Gekkotans is unresolved. In all squamates, the lacrimal cana* is proximally connected 
(either directly or indirectly) to the Hardcrian gland, and dislally to the VNO. Thus, since the 
presence lacrimal canal is coincides with the inception of the Harderian gland, and since die lacrimal 
canal opens dislally into die V'NO. it is possible that the secretions of the squamate 1 iarderian gland, 
flowing through the lacrimal canal to the VNO, may have some function in the vomeronasal sense. 
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